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THE SEARCH F O R  LIFE ON MARS 
(First of a six-part series) 
By Carl Sagan 
Director 
Laboratory for Planetary Studies 
Cornel1 University, Ithaca, N. Y. 
Legend has it that some 50 years ago a celebrated 
newspaper publisher sent this telegram to a famous 
astronomer: "Wire collect immediately," the telegram de- 
manded,"500 words on whether there is life on Mars." The 
astronomer dutifully replied 250 times: "Nobody knows, 
nobody knows, nobody knows, . . . ' I  But despite this 
confession of ignorance asserted with dogged persistence 
by an expert, no one paid any attention; and, from that 
time to this, we hear authoritative pronouncements by 
those who think they have deduced life on Mars and by 
those who think they have excluded it. 
The first purported evidence of life on Mars came 
almost exactly a century ago, in 1877, when an Italian 
astronomer, Giovanni Schiaparelli, peering at Mars through 
a new telescope outside of Milan and at a time when Mars 
was close to the Earth, saw to his astonishment a network 
of single and double straight lines which seemed to criss- 
cross the planet, "like the lines on a fine steel etching." 
Schiaparelli named themcanali, which in Italian means 
channels or grooves. The word was promptly mistranslated 




The American astronomer, Percival Lowell, was entranced 
by what he believed was the explanation of the canals, and 
erected a major observatory and devoted his life to the 
problem. The canals of Mars, Lowell eloquently argued, were 
canals: an intricate network of waterways constructed by 
a race of hydraulic engineers in a planet-wide water 
conservation project. The idea of a noble species of 
dedicated engineers gamely surviving through their technical 
ingenuity on an increasingly arid planet caught the romantic 
imagination of the public, particularly after it passed 
into popular fiction in the works of Edgar Rice Burroughs and 
others. 
The only trouble is that the canals of Mars do not 
exist. The Mariner 9 spacecraft orbited Mars for a full 
year in 1971-72, and photographed the planet pole to pole 
with a discrimination of fine detail 100 times better than 
the astronomers of Lowell's time could possibly have managed. 
Mariner 9 was only 1,600 kilometers (1,000 miles) from the 
Martian surface compared with the 40  million kilometers 
( 2 5  million miles) which separate Earth and Mars at their 
closest approach, and Mariner 9 did not have to look through 
the ocean of air which hampers astronomical observations 
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A few of the canals may be great rift valleys, or the 
accidental alignment of impact craters, or linear streaks of 
dark dust: but no canal network as described by Schiaparelli 
and Lowell exists on Mars and the most generous assessment 
of the "canal problem" is to mark it down to the imprecision 
of the human hand-eye-brain combination: The canals were 
drawn at the telescope during brief moments of relative 
steadiness of the Earth's turbulent atmosphere. 
Likewise, astronomers of Lowell's time observed 
seasonal changes, an increasing contrast, a sharpening of 
boundaries between adjacent bright and dark markings on the 
planet's surface. Some also reported color changes. These 
variations were called the "wave of darkening," which was 
reported to move from the shrinking polar cap in early 
spring towards and across the equator in the summer. 
Lowell and others attributed these seasonal changes to the 
growth and proliferation of Martian plants imagined to 
constitute the dark areas, and likened the wave of darkening 
to the sprouting of vegetation and the growth of leaves on 
deciduous trees in the Earth's Northern Hemisphere. Again 
Mariner 9 has dampened this interesting idea. Close 
observations have shown that the changes almost certainly 
are due to the redistribution of bright and dark dust by 
Martian winds, varying with the seasons. 
-more- 
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A number of other supposed proofs of life on 
Mars -- the "green" color of the dark areas, the 
reappearance of the dark areas after being covered by 
bright powder during a Martian dust storm, and the 
supposedly anomalous motion of the innermost moon of 
Mars -- all turn out to have other explanations. IS 
life on Mars.therefore excluded? Not at all. Mars 
is certainly colder than the Earth, it has a thinner 
atmosphere, less oxygen, less ozone (ultraviolet light 
from the Sun reaches the surface of the planet) and no 
abundant liquid water. These are environmental condi- 
tions which would instantly kill an unprotected human 
being on Mars. But life is not the same as human life and 
there are a wide variety of terrestrial microorganisms 
. able to survive indefinitely under Martian conditions: 
and if they are provided, even briefly, with a little 
liquid water they are able to reproduce. Since 
terrestrial microbes which have evolved on the Earth 
are able to survive and possibly grow under Martian 
conditions, Martian organisms, if any, should be much 
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For some reason it is thought to be a sign of 
caution to admit the possibility of microbes on Mars but 
to exclude peremptorily the possibility of macrobes 
organisms large enough for us to see unaided were we 
on Mars. But there seems to be no evidence for or against 
Martian macrobes, and, for all we know, there is a 
thriving population of large organisms on the planet. 
Nothing in our present understanding of Mars excludes 
this possibility. A hundred thousand years ago the 
-- 
Earth was burgeoning with life -- indeed because the 
number of humans was still small, there was then a much 
richer variety of organisms than there is today. But 
had Mariner 9 been put into orbit about the Earth a 
hundred thousand years ago, it would have been able to 
photograph no clear signs of life whatever. Today the 
situation is different because human engineering enter- 
prises, both urban and agricultural, have remade the 
landscape of the Earth. 
-more- 
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Mars today might have a dense population of 
varied and robust organisms, both microbes and macrobes. 
If so, we have no way to predict what those organisms 
are like except that evolution seems clearly to imply 
that they would not closely resemble the organisms of 
Earth -- they have spent too long adapting to an 
extremely different environment to be much like us. 
Mars might have life which is tenuously hanging on in a 
world enveloped in what looks very much like an ice age. 
Perhaps there are spores and hibernating forms awaiting 
the return of more Earth-like conditions; or perhaps 
there is no life at a l l ,  but only fossils and other signs 
of a now-extinct biology. Alternatively, Mars might be 
lifeless today and lifeless in the past. We simply do 










But any one of these cases is of substantial interest. 
If Mars has mow or ever had living things, we will have 
for the first time in human history an opportunity to 
test the generality of the process which on Earth we call 
life. We will be able to determine how different from 
Earthly organisms life can be. Whatever form of life exists 
on Mars its implications for biology and for our view of 
ourselves would be breathtaking: because if life has 
independently arisen on two rather different adjacent 
planets, the argument that life is a commonplace in the 
Milky Way Galaxy will become almost compelling. If 
on the other hand Mars proves to be lifeless, we have the 
classic scientific situation, the experiment and the 
control. We will then be able to approach the important 
question of why life arose on the Earth but did not on 
Mars. The answer to that question is bound to illuminate 
profoundly our understanding of the origin of life. 
Fortunately, the epoch of ambiguity about Martian 
biology, the time when the only responsible answer is 
"nobody knows," is drawing to an end. Because in the 
summer of 1976, if all goes well, two exquisitely 
instrumented landing capsules called Viking will land 
on the Martian surface, there to search directly for 
the possibility of life. {&] 
'>*.el' 
% 
-8 -  

VIKING AND LIFE ON MARS 
(Second of a six-part series) 
By Carl Sagan 
Director 
Laboratory for Planetary Studies 
Cornel1 University, Ithaca, N. Y. 
In the summer of 1976, if all goes well, an 
epochal event in human history will take place -- the 
first search on the surface of another planet for 
extraterrestrial life. Two unmanned intelligent machines 
named Viking will make landfall on the Red Planet and 
proceed to search for life. Their activities will be 
monitored from Earth. New information can be transmitted 
to the Viking Landers, their memories and instructions 
can be reprogrammed. They will be like hands and eyes, 
ears and noses and mouths, set down on Mars and connected 
back to us here on Earth via a radio link tens of millions 
of miles long. 
The bulk of the Viking Lander is shaped like a stubby 
triangle with projections both up and down. Extending 
downwards, there are three legs which will take some of 
the strain of the landing impact: extending upwards, a 




Viking has seismometers to listen for the rumble 
of marsquakes; if any are found we will have acquired 
information of vital importance for understanding the 
interior structure of the planet and its evolution. 
Does Mars have a crust, a mantle, and a core like the 
Earth? Is it geologically active as its numerous 
immense volcanoes suggest? Some of these questions can 
be answered even with a very low level of seismic activity 
on Mars. If we are very lucky, there may be a major 
marsquake during the year-long operational lifetime of the 
Mars landers. Our knowledge of the deep interior of the 
planet might then be enormously enhanced. 
Viking has a set of meteorological instruments to 
determine wind speed, atmospheric pressure and temperature, 
the sorts of measurements that terrestrial weather stations 
routinely make. But now we will have a weather station 
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Beginning in the summer of 1976 and lasting for about a 
year we may even have a Martian addendum to the weather 
report on the evening news: "The high today in the United 
States was in Needles, Calif. where the temperature was 3 3  
degrees Celsius ( 9 5  degrees Fahrenheit); the low in Duluth, 
Minn., was minus ? 3  degrees C (ninus 10 degrees F.). On Mars, 
the mid-day temperature in Chryse was minus 9 degrees C (plus 
15 degrees F . ) ;  but the pre-dawn temperature in Cydonia was 
minus 1 3 3  degrees C (minus 180 degrees F.). Skies are expected 
to be clear tomorrow in Cydonia but gusts of up to 225  k i l o -  
meters per hour (140 miles an hour) can be expected in Chryse." 
Viking is equipped with an elegantly designed sample 
arm which will extend out to some previously selected spot 
as much as 3 meters (10 feet) from the lander, and, with a 
kind of jerky backhoe and very noisy motion, gobble up a 
handful of Martian surface sand and dust, slowly and 
creakingly telescope upon itself until it is only a foot 
or two long, and then swivel about its axis so  that the 
soil sample can be dropped into a set of hoppers on the 
top of the lander, which lead to a variety of scientific 
experiments. 
something like a set of little electric train cars which 
transport the soil to the appropriate experiments. 
Inside the wire mesh entry ports there is 
-more- 
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One experiment will examine the inorganic chemistry 
of the Martian surface material. The best present guess is 
that the surface of Mars is some mixture of volcanic 
basaltic rock and clays, all stained red by a rusty 
"desert varnish." But these are only guesses, made 
inferentially by remote observations of Mars. 
will perform the first direct measurements of what will 
surely be a complex and illuminating surface chemistry. 
If we know what the Martian surface material is made of we 
may be able to infer a great deal about the past history of 
the planet. 
Viking 
Another hopper goes to an experiment in organic 
chemistry, to determine whether the Martian surface 
material contains molecules produced by living organisms 
or molecules which in the early history of the Earth 
led to the origin of life. 
on Mars in meteorites. The same meteorites on Earth 
clearly contain organic molecules produced in their cometary 
or asteroidal parent bodies. Further, in the oxygen-poor 
Martian atmosphere, it is possible that small quantities 
of simple organic molecules are being made by ultraviolet 
sunlight. 
Some organic molecules fall 
-more- 
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There will also be a source of contamination of 
organic molecules because the retro-rockets of the Viking 
landing system will produce certain such molecules during 
landing. 
formed in the earlier history of Mars either by biology or 
by other processes, and organic molecules produced by living 
organisms on the planet today. 
scientists working with the organic chemistry experiment 
to disentangle all of these possibilities and to characterize 
whatever organic molecules may exist. 
chemistry experiment can detect many molecules with an 
abundance of only one part in a million. 
of miniaturization containing, in a cubical box 30 centimeters 
(one-foot) on a side, all of the analytic power of an instru- 
ment in my laboratory at Cornel1 which fills the better part 
of a room. 
But the principal interest is in organic molecules 
It will be the task of the 
The Viking organic 
It is a marvel 
Then there are three experiments to search for 
Martian microbioloqy. In one, a Martian soil sample is 
dropped into an aqueous mixture of organic molecules which 
we hope the little Martians will like to eat. 
in this food is radioactively labelled with the isotope 
carbon-14, which we know from spectroscopic studies is not 




If Martian microbes find our food tasty and -- as 
many terrestrial microbes do -- release carbon dioxide 
in metabolizing the food, the radioactive carbon dioxide 
will be detected by a Geiger counter behind a baffle and 
the rate of generation of radioactive C 0 2  radioed back 
to Earth. This is a very sensitive experiment if it 
works. But Martian microbes must like the food we send 
to them and must oxidize it to C02 for us to get positive 
results. The food molecules sent are not chosen arbitrarily: 
They are abundant in terrestrial biology and they are 
commonly produced in the early history of all planets. 
But there is no guarantee that this experiment will work. 
For all we know the Martian microbes might find our little 
gift of  food unpalatable and meanwhile be placidly munching 
on the zirconium paint on the exterior of the spacecraft. 
In a second experiment in microbial biology, an 
unlabelled aqueous nutrient medium is dropped on the soil 
sample and the subsequent uptake or output of simple 
gases monitored. If the Martian organisms exchange 
even relatively exotic gases with the atmosphere this 
experiment might detect the exchange. 
-more- 
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In a final microbial biology experiment, the soil 
sample is exposed dry to radioactively labelled COz. 
Ordinary nonradioactive carbon dioxide is the principal 
constituent of the Martian atmosphere. There is a light 
source which can be made to shine on the soil sample. 
Afterwards the soil sample is heated to a high temperature 
and it is determined whether any labelled carbon comes off 
the fried soil. If so, the existence of Martian organisms 
able to fix carbon dioxide from the Martian atmosphere -- 
as green plants fix carbon dioxide from the terrestrial 
atmosphere -- will have been demonstrated. 
Now these are moderately sophisticated biological 
experiments, but in the absence of any prior knowledge 
of what Martian organisms might be like there is no 
guarantee of their success. The first two at least have 
the advantage that they can detect very rapidly life on 
Earth -- even in such inhospitable places as the Mojave 
Desert. These are hardly definitive experiments for 
life on Mars, but considering the weight constraints on 
Viking and the fact that no biology experiments have ever 
before been flown in unmanned spacecraft to another 




There is one other experiment which might possibly 
bear on life on Mars, the lander cameras. mhey .-ill be ab le  
to see about as well as a human being would on Mars, but fur- 
J 
ther into the infrared and with better depth perception. They * 
will examine the nearby rocks, the distant sand dunes, 
the clouds, the moons of Mars, other celestial objects 
and whatever else there is around the landing sites that 
we do not now know enough about to describe today. The 
cameras will also examine the Martian soil in the trenches 
which the arm has dug. If there are Martian macrobes 
ranging in size from ants to giraffes the lander cameras 
have a fair chance of seeing them. 
The imaging experiments make no assumptions on 
the biochemistry of Martian organisms. If we see an 
array of peculiar tree-like forms or a spindly organism 
6 meters ( 2 0  feet) high, we should be able to detect them 
independent of their internal biochemistry. Thus the 
Viking life detection experiments represent a compromise 
between microbiology experiments of high sensitivity which, 
however, make many assumptions on what the Martians must 
be like; and television and chemistry experiments of 
lower sensitivity but which make fewer assumptions. 
-more- 
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We do not know what Viking will find. But our previous 
space experience is that every time we look more closely 
at Mars we find astonishments and delights. 
The year 1977 is the centenary of the finding of the 
"canals." By 1977 the Viking results should be in.. In 
a hundred years we will have gone from vague observations 
and wishes disguised as conclusions to the first rigorous 
detailed and scientific examination of the surface of 
another planet. Viking represents the opening of a new 













































THE CLIMATE O F  MARS 
(Thi rd  of  a s i x - p a r t  series) 
By C a r l  Sagan 
Director 
Laboratory for  P l a n e t a r y  S t u d i e s  
Cornel1 U n i v e r s t i y ,  I t h a c a ,  N.Y. 
The p l a n e t  Mars i s  very  co ld .  I t s  atmosphere i s  v e r y  
t h i n .  I n  the  t r o p i c s  t h e  t empera tu re  drops  by more t h a n  80 
C e l s i u s  (150 F a h r e n h e i t )  deg rees  e v e r y  n i g h t .  The coldest 
t empera tu res  ever recorded  anywhere on E a r t h  i n  the  l a s t  few 
thousand y e a r s  a r e  h i g h e r  than ave rage  m i d - l a t i t u d e  Mar t ian  
t empera tu res .  A t  t h e  p o l e s  the t empera tu res  a r e  l o w  enough 
for  carbon d i o x i d e  t o  f r e e z e  o u t  f r o m  the s p a r s e  p o l a r  a i r ,  
and the  p o l a r  caps  are a t  l eas t  i n  p a r t  immense d e p o s i t s  o f  
d r y  ice. 
S p e c t r o s c o p i c  a n a l y s i s  o f  s u n l i g h t  r e f l e c t e d  o f f  Mars 
shows t h e  p re sence  of t i n y  q u a n t i t i e s  of water vapor  i n  i t s  
atmosphere and immense q u a n t i t i e s  of water chemica l ly  bound 
up i n  t h e  s u r f a c e  rocks.  There  are probably  l a r g e  amounts 
of w a t e r  ice i n  t h e  p o l a r  caps and vast  q u a n t i t i e s  f r o z e n  
s u b s u r f a c e  a t  lower l a t i t u d e s  as pe rmaf ros t .  
Thus there i s  water vapor and w a t e r  ice and chemica l ly  
combined water b u t  -- excep t  for  s m a l l  amounts i n  t i n y  p o r e s  
i n  t h e  Mar t ian  sail  -- there can be no l i q u i d  water on Mars 
today  . 
-more- 
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The reason  i s  v e r y  s imple.  For a mater ia l  t o  remain 
l i q u i d  it must s a t i s f y  two c o n d i t i o n s .  F i r s t ,  i t s  tempera- 
t u r e  must be between i t s  f r e e z i n g  p o i n t  and i t s  b o i l i n g  
p o i n t .  E q u a t o r i a l  daytime c o n d i t i o n s  on Mars s a t i s f y  t h i s  
c o n d i t i o n  f o r  l i q u i d  water.  But i n  a d d i t i o n  t h e r e  must be 
enough atmospheric  p r e s s u r e  t o  keep t h e  mater ia l  l i q u i d ,  A 
l i q u i d  exposed t o  a vacuum w i l l  e v a p o r a t e  v e r y  r a p i d l y .  
c u l e s  would m e e t  no impediment when e scap ing  from i t s  s u r f a c e  
and soon t h e  l i q u i d  w i l l  have evapora t ed  away. There i s  so 
l i t t l e  atmosphere on Mars t h a t  t h e  b o i l i n g  p o i n t  i s  v e r y  
close t o  t h e  f r e e z i n g  p o i n t  and i n  any case e v a p o r a t i o n  w i l l  
occu r  very  r a p i d l y .  Open pools of pu re  l i q u i d  water, f lowing  
r i v e r s  of water,  cannot  e x i s t  on Mars today.  
Mole- 
And y e t  t h e r e  s e e m s  t o  be ev idence  o f  running  w a t e r  on 
Mars. One of t h e  most a s t o n i s h i n g  f i n d i n g s  o f  t h e  United S t a t e s '  
Mariner  9 miss ion  t o  Mars w a s  t h a t  t h e  p l a n e t  i s  covered w i t h  
thousands of s inuous  t r i b u t a r i e d  channels .  The la rges t  are 
1 0 0  t o  more t h a n  1 , 0 0 0  k i l o m e t e r s  ( 6 0  t o  more t h a n  6 0 0  
m i l e s )  long;  have t i g h t  meanders; t r i b u t a r i e s  runn ing  i n  t h e  
correct d i r e c t i o n  downstream; t e a r d r o p  shaped i s l a n d s ,  co r -  
r e c t l y  o r i e n t e d  w i t h  t h e  s h a r p  p o i n t  downstream; and w i t h  
complex b ra ided  p a t t e r n s  of  s i l t .  The sma l l e s t  ones  -- 
v a s t l y  more numerous -- are  o n l y  a f e w  m i l e s  l ong  w i t h  vague 
s i n u o s i t i e s  and f e w  t r i b u t a r i e s .  
-more- 
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The channe l s  of  Mars correspond n e i t h e r  i n  p o s i t i o n  n o r  
i n  form t o  t h e  " c a n a l s "  which w e  now know t o  be due t o  errors 
of human p e r c e p t i o n  i n  p r e - s p a c e c r a f t  t i m e s .  Some of t h e  
smaller channe l s  may be v a l l e y s  n o t  produced by running  water. 
Some o f  t h e  l a r g e r  channe l s  -- p a r t i c u l a r l y  t h o s e  which begin 
i n  a jumbled c h a o t i c  terrain -- may be produced by b reakou t  
f l o o d i n g  o f  ice-dammed subsu r face  water. Many of  t h e  channe l s  
seem t o  be produced by r a i n f a l l +  N o  a l t e r n a t i v e  l i q u i d  b e s i d e s  
running  water has  been proposed which i s  r easonab le  f o r  t h e  
p h y s i c a l  c o n d i t i o n s  of Mars. We t h u s  are  f aced  w i t h  an 
appa ren t  paradox: The environment of Mars does n o t  permi t  
running  w a t e r ;  and y e t  t h e  s u r f a c e  of Mars i s  covered w i t h  
s i g n s  of running  water. 
But how o l d  are t h e  channels?  The o n l y  t o o l  f o r  d a t i n g  
them which we have a t  p r e s e n t  -- and it i s  a poor  t o o l  -- i s  
coun t ing  t h e  number of impact craters  i n  and arcund t h e  
channe l s .  W e  can e s t i m a t e  t h e  popu la t ion  of impact ing  d e b r i s  
on Mars through i t s  h i s t o r y :  The h i g h e r  t h e  number of impact 
craters  t h e  longe r  t h e  channel mus t  have been around t o  
accumulate  them. I n  t h i s  way it has  been de termined  t h a t  
s o m e  of t h e  l a r g e r  channels  are hundreds of m i l l i o n s  of y e a r s  
o l d .  Others  may b e ,  f o r  all w e  know, much o l d e r  o r  much 
younger.  
-more- 
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A s o l u t i o n  t o  t h e  paradox t h e n  becomes e v i d e n t :  The 
climate of Mars v a r i e s .  Today Mars i s  plunged i n t o  deep ice 
age cond i t ions .  But a t  least  once and p o s s i b l y  many t i m e s  
i n  i t s  p a s t  it has  expe r i enced  h i g h e r  p r e s s u r e s ,  ba lmie r  
tempera tures  and abundant running  l i q u i d  water. There are 
many i n t e r e s t i n g  i m p l i c a t i o n s  o f  t h i s  i dea .  I f  Mars can 
undergo such enormous c l ima t i c  v a r i a t i o n s  can t h i s  shed any 
l i g h t  on  t h e  c l ima t i c  v a r i a t i o n  which t h e  E a r t h  h a s , e x p e r i -  
enced? Two m i l l i o n  y e a r s  ago t h e  s i t e  o f  present -day  Chicago 
w a s  under g l a c i e r s  several  m i l e s  h igh.  Does t h e  Mar t ian  
expe r i ence  p rov ide  u s  w i t h  some c a u t i o n a r y  reminders  about 
how n o t  t o  change t h e  environment  o f  t h e  Ea r th?  And a l s o  
t h e r e  i s  t h e  q u e s t i o n  o f  l i f e .  D o  t h o s e  more clement  e a r l y  
c o n d i t i o n s  sugges ted  by t h e  channe l s  mean t h a t  Mars once had 
an environment e n t i r e l y  s u i t a b l e  f o r  l i f e ?  Could t h e r e  be 
l i f e  on Mars today  evolved  from t h o s e  more clement  c o n d i t i o n s  
and awa i t ing  t h e  end of t h e  long  w i n t e r ?  
Before t h e s e  q u e s t i o n s  are a d d r e s s e d  w e  must be s u r e  
t h a t  t h e  channe l s  were i n  f a c t  ca rved  by l i q u i d  water and t h a t  
th.e c l i m a t e  o f  Mars i s  i n  f a c t  v a r i a b l e .  W e  need more i n f o r -  
mation. There i s  no  t r o u b l e  i n  h i d i n g  a dense  earlier atmos- 
phere  on  Mars today. The enormous t h i c k n e s s  o f  t h e  p o l a r  
caps  correspond t o  a v e r y  t h i c k  atmosphere.  Accordinq t o  one 
e s t i m a t e ,  if t h e  p o l a r  cap  were vapor i zed  it would cor respond 
t o  an atmospheric  p r e s s u r e  o v e r  t h e  whole p l a n e t  as  t h i c k  as 
t h a t  on Ea r th  today. But we do n o t  know v e r y  w e l l  t h e  age of  
t h e  v a r i o u s  p o l a r  d e p o s i t s .  C r a t e r  c o u n t s  by  t h e  h i g h  r e s o l u -  
tion cameras on t h e  Viking o r b i t e r  n e x t  summer c o u l d  h e l p  





The p r e s e n t  p l a n  i s  t o  s e t  t h e  f i r s t  Vikinq l a n d e r  
down i n  a r e g i o n  c a l l e d  Cliryse n e a r  t h e  conf luence  o f  f o u r  
major Mar t ian  channe l s .  I t  may he  p o s s i S l e  t o  check 
d i r e c t l y  t h e  i d e a  t h a t  t h e  channels  were produced by run- 
n ing  water -- f o r  example i f  t h e  i n o r g a n i c  chemis t ry  e x p e r i -  
ment d e t e c t s  g r e a t  q u a n t i t i e s  o f  s a l t s  t y p i c a l l y  moved by 
r i v e r s .  
But Viking w i l l  perform a n o t h e r  and in a way a much m o r e  
i n t e r e s t i n g  tes t .  I f  i n  i t s  remote p a s t  Xars had a much den- 
se r  atmosphere,  where cou1.d t h a t  atmosphere be today? I have 
a l r e a d y  mentioned t h a t  it could  he  f r o z e n  away i n  t h e  p o l a r  
c a p s  i f  t h e  p o l a r  tempera tures  a re  below t h e  f r e e z i n g  p o i n t  
of t h e  atmosphere. O r  it could  have chemica l ly  combined w i t h  
t h e  s u r f a c e  o f  Mars i f  t h a t  e a r l y  atmosphere underwent such  
chemica l  r e a c t i o n s .  O r  i t  might have a l l  escaped t o  space  
from t h e  t o p  of  t h e  Mart ian atmosphere,  i f  it w e r e  composed 
of s u f f i c i e n t l y  l i g h t  g a s e s .  
-nore- 
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Now t h e r e  i s  one p a r t i c u l a r  g a s  which w i l l  do none of 
t h e s e  t h i n g s .  I t  i s  c a l l e d  argon. I ts  f r e e z i n g  p o i n t  i s  
f a r  below t h e  c o l d e s t  t empera tu res  on Mars. I t  i s  a so- 
c a l l e d  nob le  gas  which does  n o t  engage i n  any chemical  
r e a c t i o n s  of n o t e  whatever.  
And it i s  so  heavy t h a t  it cou ld  n o t  p o s s i b l y  have 
escaped from Mars. I f  i n  i t s  e a r l y  h i s t o r y  t h e  g u r g l i n g s  
and rumblings o f  t h e  Mart ian i n t e r i o r  ou tgassed  a g r e a t  
atmosphere,  many o f  t h e  c o n s t i t u e n t s  may have been l o s t  by 
one o r  a n o t h e r  of  t h e s e  mechanisms. Bu t  n o t  argon. If 
t h e r e  was once a dense atmosphere,  argon should  be p r e s e n t  
i n  t h e  Mart ian atmosphere s t i l l .  (On E a r t h  it comprises  
abou t  one p e r  c e n t  of  o u r  atmosphere f o r  j u s t  t h e s e  reasons.) 
I n  1 9 7 3  t h e  S o v i e t  Union made an u n s u c c e s s f u l  a t t e m p t  
t o  land a Vik ing-c lass  s p a c e c r a f t  on t h e  sur face  o f  Mars, a 
s p a c e c r a f t  c a l l e d  Mars 6 .  I t  m y s t e r i o u s l y  f a i l e d  w i t h i n  one 
second of  landing .  Among i t s  i n s t r u m e n t s  w a s  a d e v i c e  c a l l e d  
a mass spec t romete r ,  des igned  t o  a n a l y z e  t h e  composi t ion  o f  
t h e  Martian atmosphere a f t e r  l a n d f a l l .  On t h e  way down t o  
t h e  s u r f a c e ,  t h e  mass s p e c t r o m e t e r  w a s  busy sc rubb ing  i t s e l f  
c l e a n  of r e s i d u a l  g a s e s  l e a k i n g  i n  from t h e  Mar t ian  atmosphere 
d u r i n g  descen t .  
-more- 
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The p r e s s u r e  i n  t h e  device  was monitored.  To t h e  s u r -  
p r i s e  of t h e  S o v i e t  i n v e s t i g a t o r s  t h e  scrubbing  mechanism 
worked v e r y  p o o r l y  and a h igh  r e s i d u a l  p r e s s u r e  remained. 
Now t h i s  might be caused  by a ma l func t ion  such a s  a 
l e a k ,  b u t  it would have t o  be a ve ry  s p e c i a l  s o r t  of l e a k ,  
The a l t e r n a t i v e  i s  t h a t  t h e  Martian atmosphere con ta ined  
unexpec ted ly  l a r g e  amounts of a g a s  immune t o  t h e  scrubbing .  
The most l i k e l y  such g a s  t u r n s  o u t  t o  be argon. 
i n v e s t i g a t o r s  have concluded t h a t  t h e  p r e s e n t  Mart ian atmos- 
phe re  comprises  35 p e r  c e n t  argon w i t h  an u n c e r t a i n t y  of 
about  15  p e r  c e n t .  
e x c l u s i v e l y  carbon d iox ide .  
The S o v i e t  
The remainder of t h e  atmosphere i s  a lmost  
T h i s  i s  p r e c i s e l y  t h e  r e s u l t  w e  would e x p e c t  i f  Mars 
had a ve ry  dense  e a r l y  atmosphere. But t h e  Mars 6 measurement 
i s  i n d i r e c t  and has  an a l t e r n a t i v e  e x p l a n a t i o n .  Three i n s t r u -  
ments onboard Vik ing ,  two of them mass s p e c t r o m e t e r s ,  w i l l  be 
capab le  of  checking t h e  argon abundance. 
w e l l  w e  should  have c l e a r - c u t  ev idence  on t h e  argon abundance 
and t h e  p a s t  h i s t o r y  of  Martian c l i m a t e .  
I f  Viking works 
-more- 
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We seem t o  be on t h e  verge  of be ing  a b l e  t o  compare 
t h e  p a s t  c l imat ic  h i s t o r i e s  of o t h e r  p l a n e t s  w i t h  o u r  own. 
I n  a few months w e  may be a b l e  t o  check o u t  t h e  t a n t a l i z i n g  
i d e a  than  i n  an e a r l i e r  epoch i n  Mart ian h i s t o r y ,  t h e  sky 
w a s  b lue  and n o t  b l a c k ,  t h e  winds w e r e  mi ld ,  t h e  a i r  was 
t h i c k ,  t h e  t empera tu res  r e l a t i v e l y  balmy and t h e  g u r g l e  of 
streams and t h e  mighty r o a r  of cascad ing  r i v e r s  could  be 
heard  abundant ly  on t h e  s u r f a c e  of t h e  Red P l a n e t .  And if 
i n  t h e  p a s t ,  why n o t  i n  t h e  f u t u r e ?  
some f u t u r e  t i m e  t o  prod Mars i n t o  r e t u r n i n g  t o  i t s  p l e a s a n t  
p a s t  environment and -- i f  t h e r e  i s  no ind igenous  l i f e  -- 
h o s t i n g  immigrants from t h e  d i s t a n t  p l a n e t  Ea r th?  
Might w e  be a b l e  a t  

-10- 
LANDING ON THE PLANET MARS 
(Four th  of a s i x - p a r t  series) 
By C a r l  Sagan 
D i r e c t o r  
Laboratory for  P l a n e t a r y  S t u d i e s  
Cornel1 U n i v e r s i t y ,  I t h a c a ,  N.Y. 
c 
The S o v i e t  Union h a s  an  ex t remely  a c t i v e  program of  
unmanned p l a n e t a r y  e x p l o r a t i o n .  Every y e a r  o r  t w o  t h e  rela- 
t i v e  p o s i t i o n s  o f  t h e  p l a n e t s  p e r m i t s  a launch  a t  minimum 
energy  of a s p a c e c r a f t  t o  Mars or  Venus. S i n c e  t h e  e a r l y  
1 9 6 0 s  t h e  U.S.S.R. has  m i s s e d  o n l y  two o r  tliree such oppor- 
t u n i t i e s .  Soviet  p e r s i s t e n c e  and e n g i n e e r i n g  s k i l l s  have 
e v e n t u a l l y  p a i d  o f f  handsomely. Three s p a c e c r a f t  -- 
Veneras 8 ,  9 and 1 0  -- have landed on Venus and s u c c e s s f u l l y  
r e t u r n e d  da ta  from t h e  s u r f a c e  o f  t h a t  p l a n e t .  S i n c e  Venus 
i s  a t  a b r o i l i n g  4 8 0  degrees Cc.lsius ( 9 0 0  deg rees  F a h r e n h e i t )  
.::ith a c r u s h i n g  atmosp’iere 95 t i m e s  as dense as the E a r t h ’ s  and 
w i t h  s i g n i f i c a n t  q u a n t i t i e s  of corrosive a tmospher ic  acids ,  
l a n d i n g  and r e t u r n i n g  d a t a  from t h a t  p l a n e t  i s  no i n s i g n i f i -  
c a n t  f e a t .  Y e t ,  d e s p i t e  many a t t e m p t s ,  t h e  S o v i e t  Union 
h a s  been u n s u c c e s s f u l  i n  a t t e m p t s  t o  l and  on Mars -- a p l a c e  
which s u p e r f i c i a l l y  seems t o  be much easier:  lower tempera- 
t u r e s ,  a t h i n n e r  atmosphere and no c o r r o s i v e  gases .  
-more- 
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I n  1971, t h e  Mars 3 s p a c e c r a f t  e n t e r e d  t h e  Mar t ian  
According t o  t h e  in fo rma t ion  a u t o m a t i c a l l y  atmosphere. 
rad ioed  back ,  it s u c c e s s f u l l y  deployed i t s  l and inq  systems 
dur ing  e n t r y ,  o r i e n t e d  i t s  a b l a t i o n  s h i e l d  c o r r e c t l y  down- 
ward, p rope r ly  u n f u r l e d  i t s  g r e a t  pa rachu te  and f i r e d  n e a r  
t h e  end of i t s  d e s c e n t  p a t h  i t s  r e t r o r o c k e t s .  According 
t o  t h e  d a t a  r e t u r n e d  by Mars 3 ,  i t  should have s u c c e s s f u l l v  
landed on t h e  Red P l a n e t .  But a f t e r  l a n d i n s  t h e  s p a c e c r a f t  
r e t u r n e d  t o  E a r t h  a 20-second fragment  of  a f e a t u r e l e s s  
t e lev is ion  p i c t u r e  and t h e n  m y s t e r i o u s l y  f a i l e d .  I n  1973 
a q u i t e  s i m i l a r  sequence o f  e v e n t s  occur red  f o r  t h e  Mars 6 
l a n d e r ,  b u t  i n  t h i s  case, t h e  f a i l u r e  occur red  w i t h i n  one 
second of touchdown. What i s  t h e  sou rce  o f  t h e s e  f a i l u r e s ?  
Is  t h e r e  something s p e c i a l  about  t h e  Mar t ian  environment 
which makes l a n d i n g  on t h a t  p l a n e t  p a r t i c u l a r l y  d i f f i c u l t ?  
T h e  f i r s t  i l l u s t r a t i o n  I ever saw o f  Mars 3 w a s  a 
S o v i e t  pos tage  stamp (denomination 1G kopeks)  which d e p i c t e d  
t h e  s p a c e c r a f t  descending through a k i n d  o f  p u r p l e  muck. 
The a r t i s t  w a s  t r y i n g ,  I t h i n k ,  t o  i l l u s t r a t e  d u s t  and h igh  
winds:  Mars 3 e n t e r e d  t h e  Mar t ian  atmosphere a t  a t i m e  o f  






W e  have ev idence  from the United States Mariner  9 
miss ion  t h a t  n e a r  s u r f a c e  winds o f  more t h a n  200 m i l e s  p e r  
hour -- more t h a n  h a l f  t h e  speed of  sound on Mars -- occur red .  
Both ou r  S o v i e t  c o l l e a g u e s  and w e  t h i n k  it l i k e l y  t h a t  these 
h igh  winds caught  t h e  Mars 3 spacecraft w i t h  p a r a c h u t e  un- 
f u r l e d ,  g i v i n s  it a ve ry  h i g h  v e l o c i t y  p a r a l l e l  t o  t h e  su r -  
f a c e ,  so t h a t  it landed g e n t l y  i n  t h e  v e r t i c a l  d i r e c t i o n  b u t  
w i t h  breakneck speed i n  t h e  h o r i z o n t a l  d i r e c t i o n .  A space- 
c r a f t  descending  on t h e  shrouds of a l a r g e  pa rachu te  i s  par -  
t i c u l a r l y  v u l n e r a b l e  t o  h o r i z o n t a l  winds. A f t e r  l a n d i n g  
Mars 3 may have made a f e w  bounces,  h i t  a bou lde r  or o ther  
example of Mar t ian  re l ie f ,  t i p p e d  o v e r ,  l o s t  t h e  r a d i o  l i n k  
w i t h  t h e  carr ier  "bus" s p a c e c r a f t ,  and fa i led .  
But why d i d  Mars 3 e n t e r  i n  the  m i d s t  of a g r e a t  d u s t  
s t o r m  and h i g h  winds? The answer i s  t h a t  t h e  Mars 3 miss ion  
w a s  r i g i d l y  o rgan ized  before launch. Every s t e p  it w a s  t o  
per form w a s  loaded  i n t o  t h e  on-board computer before i t  l e f t  
Ear th .  There w a s  no o p p o r t u n i t y  t o  change t h e  program a s  
t h e  e x t e n t  of t h e  g r e a t  1 9 7 1  d u s t  storm became clear. I n  
the j a r g o n  o f  space  e x p l o r a t i o n ,  the  Mars 3 miss ion  w a s  p re -  
programmed, n o t  adap t ive .  
-more- 
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The f a i l u r e  o f  Mars 6 i s  more myster ious .  There c e r t a i n l y  
was no g r e a t  g l o b a l  sand and d u s t  s torm when it entered t h e  
Martian atmosphere;  and no reason  t o  t h i n k  t h a t  t h e r e  w a s  a 
l o c a l  s to rm then  -- a s  sometimes happens -- a t  t h e  l a n d i n g  
s i te .  Perhaps t h e r e  w a s  an e n g i n e e r i n g  f a i l u r e  j u s t  a t  t h e  
moment of touchdown: a l thouqh  t h e  co inc idence  makes t h i s  
exp lana t ion  a l i t t l e  u n l i k e l y .  O r  perhaps  t h e r e  i s  something 
danqerous about  t h e  Mart ian s u r f a c e .  
The combination o f  S o v i e t  s u c c e s s e s  i n  l a n d i n g  i n  so 
i n h o s p i t a b l e  an environment  as Venus and S o v i e t  f a i l u r e s  a t  
landing  on Mars n a t u r a l l y  c a u s e s  some concern about  t h e  
United S ta tes  Vikinq mis s ion  t o  Mars. 
l ande r  combinat ions are w e l l  on t h e i r  way t o  Mars, having  
performed s o  f a r  w i t h  remarkable  s u c c e s s .  They are scheduled  
f o r  l and ings  i n  t h e  summer of t h i s  yea r .  I f  Viking works,  it 
w i l l  be t h e  f i r s t  s e r i o u s  a t t e m p t  i n  human h i s t o r y  t o  s e a r c h  
f o r  l i f e  on a n o t h e r  p l a n e t .  B u t  l i k e  i t s  S o v i e t  p r e d e c e s s o r s ,  
t h e  Viking l and ing  maneuver i n v o l v e s  an a b l a t i o n  s h i e l d ,  a 
Parachute  and r e t r o r o c k e t s .  Under what c i r cums tances  w i l l  
Viking f a i l  i t s  c r i t i c a l  l a n d i n g  maneuvers? 




Because t h e  Mart ian atmosphere i s  o n l y  one p e r  c e n t  as 
dense a s  t h e  E a r t h ' s ,  a very  l a r g e  pa rachu te  -- 1 8  m e t e r s  
(55 f e e t )  i n  d i ame te r  -- i s  deployed t o  s low down t h e  space- 
c r a f t  as it e n t e r s  t h e  Martian atmosphere. The atmosphere 
i s  so t h i n  t h a t  i f  Viking l ands  a t  a h i g h  e l e v a t i o n  t h e r e  
w i l l  n o t  have been enough atmosphere t o  a d e q u a t e l y  brake  t h e  
d e s c e n t  and t h e  s p a c e c r a f t  w i l l  c r a s h .  One requi rement ,  
t h e r e f o r e ,  i s  t h a t  t h e  l a n d i n g  s i t e  be i n  a low-lying r eg ion .  
The Viking e n t r y  maneuvers a r e  thouqht  t o  be so a c c u r a t e  t h a t  
an oval-shaped r e g i o n  about  300  k i l o m e t e r s  ( 2 0 0  m i l e s )  long 
can be p o s i t i o n e d  a lmost  anywhere on t h e  p l a n e t  and landed  
i n .  Th i s  " l a n d i n g  e l l i p s e "  c a n  be  p o s i t i o n e d  o n t o  many l o w -  
l y i n g  areas on t h e  p l a n e t .  And from Mariner 9 r e s u l t s  and 
ground-based r a d a r  s t u d i e s  of  Mars, w e  know many such low- 
l y i n g  areas. 
T o  avoid  t h e  p robab le  f a t e  of Mars 3 ,  w e  want Viking t o  
l and  i n  a p l a c e  and t i m e  when the  winds are  low. The winds 
which w i l l  make t h e  l a n d e r  c ra sh  are probably  a l r e a d y  l a r g e  
enough t o  l i f t  d u s t  o f f  t h e  s u r f a c e .  I f  w e  can check t h a t  
t h e  c a n d i d a t e  l a n d i n g  s i t e  i s  not  covered w i t h  s h i f t i n g ,  
d r i f t i n g  d u s t ,  w e  have a t  l e a s t  a f a i r  chance of guarantee-  
i n g  t h a t  t h e  winds are n o t  i n t o l e r a b l y  h igh .  
-more - 
-6- 
T h i s  i s  one r eason  t h a t  t h e  Vikinq l a n d e r  i s  c a r r i e d  
i n t o  Mars o r b i t  w i t h  t h e  o r b i t e r  and d e s c e n t  i s  n o t  made 
u n t i l  t h e  o r b i t e r  checks o u t  t h e  l a n d i n g  si te.  W e  d i scove red  
w i t h  Mariner  9 t h a t  c h a r a c t e r i s t i c  changes i n  b r i g h t  and da rk  
p a t t e r n s  on t h e  M a r t i a n  s u r f a c e  occur  d u r i n g  t i m e s  of h i g h  
winds. W e  c e r t a i n l y  would n o t  c e r t i f y  t h e  l a n d i n g  s i te  a s  
s a f e  i f  o r b i t a l  photographs showed such p a t t e r n s .  But ou r  
gua ran tees  cannot  be 1 0 0  p e r  c e n t  re l iable  e i t h e r .  For 
example, w e  can imagine a l a n d i n g  s i t e  on which t h e  winds 
a r e  so s t r o n g  t h a t  a l l  mobile d u s t  has  a l r e a d y  been blown 
away. We would then  have no  i n d i c a t i m  of t h e  h i g h  winds 
which might be t h e r e .  D e t a i l e d  weather  p r e d i c t i o n s  f o r  
Mars a r e ,  of c o u r s e ,  much less r e l i a b l e  t h a n  f o r  E a r t h .  
( Indeed one of t h e  manv o b j e c t i v e s  of  t h e  Viking mis s ion  i s  
t o  improve ou r  a b i l i t y  t o  unde r s t and  t h e  weather  on b o t h  
p l a n e t s .  ) 
Because of communications and t e m p e r a t u r e  c o n s t r a i n t s ,  
Viking cannot  l a n d  a t  h igh  Mar t ian  l a t i t u d e s .  F a r t h e r  po le -  
ward than  about  4 5  o r  50 deqrees i n  e i t h e r  Mar t ian  hemisphere,  
e i t h e r  t h e  t i m e  of u s e f u l  communication of t h e  s p a c e c r a f t  
w i t h  t h e  E a r t h  o r  t h e  t i m e  t h a t  t h e  s p a c e c r a f t  e x p e r i e n c e s  




W e  do n o t  wish t o  l a n d  i n  a p l a c e  which i s  too rough. 
Landing i n  a f i e l d  of bou lde r s  each  a few feet across i s  
l i k e l y  t o  have u n p l e a s a n t  consecfuences. The spacecraft 
might  t i p  ove r  and c r a s h  or ,  a t  t h e  l eas t ,  i t s  mechanical  
arm t o  a c q u i r e  Mart ian sei1 samples might  be wedged benea th  
it o r  waving h e l p l e s s l y  above it. Likewise,  w e  do n o t  want 
t o  l a n d  i n  p l a c e s  which are too s o f t .  I f  t h e  t h r e e  l a n d i n g  
pods s i n k  w e l l  i n t o  a l o o s e l y  packed Mart ian s u r f a c e ,  v a r i o u s  
u n d e s i r a b l e  consequences would fo l low;  one of  which, i f  t h e  
s p a c e c r a f t  s i n k s  too f a r ,  would be  immobi l i za t ion  of t h e  
sample a r m .  But w e  do n o t  v a n t  t o  l and  i n  a p l a c e  which i s  
too h a r d  e i t h e r :  i f  w e  l and  i n  a v i t r e o u s  l a v a  f i e l d ,  f o r  
example, w i t h  no powdery s u r f a c e  m a t e r i a l ,  t h e  mechanical  
arm w i l l  be unable  t o  a c q u i r e  samples v i t a l  f o r  t h e  chemis t ry  
and b i o l o g y  experiments .  
Now it i s  n o t  e a s y  t o  de termine  t h e  roughness or s o f t -  
n e s s  of  a c a n d i d a t e  l a n d i n g  s i te .  The best photographs of 
Mars -- a v a i l a b l e  from t h e  Mariner 9 o rb i te r  -- show f e a t u r e s  
no smaller than  90  meters (100 y a r d s )  across. The Viking 
o r b i t e r  p i c t u r e s  w i l l  improve t h i s  f i g u r e  on ly  s l i g h t l y .  
Boulders  one meter ( 3  f e e t )  across w i l l  be e n t i r e l y  i n v i s i b l e  
i n  such photographs,  b u t  could have d i s a s t r o u s  consequences 
f o r  t h e  Viking l ande r .  Likewise,  a deep,  s o f t  powder might  
be  i n d e c t a b l e  pho tograph ica l ly .  
-more- 
-8- 
F o r t u n a t e l y ,  t h e r e  i s  a t echn ique  which p e r m i t s  
u s  t o  determine t h e  roughness  o r  s o f t n e s s  o f  a l and inq  s i te .  
That  technique  i s  radar.  A v e r y  rough p l a c e  w i l l  scat ter  r a d a r  
o f f  t o  t h e  s i d e s  and t h e r e f o r e  appear  poor ly  r e f l e c t i v e .  A 
ve ry  s o f t  p l a c e  w i l l  a l s o  appear  poorly r e f l e c t i v e  because of 
t h e  many i n t e r s t i c e s  between i n d i v i d u a l  sand g r a i n s .  While 
w e  may be unable  t o  d i s t i n g u i s h  between rough places and s o f t  
p l a c e s ,  w e  need n o t  make such  a d i s t i n c t i o n  f o r  t h e  Vikinq 
l and ing  purposes .  Both are dangerous.  P r e l i m i n a r v  radar  
s u r v e y s  sugges t  t h a t  as much as a q u a r t e r  t o  a t h i r d  of t h e  
s u r f a c e  a r e a  o f  Mars may be poor ly  r e f l e c t i v e  t o  radar and 
t h e r e f o r e  dangerous f o r  Viking. But n o t  a l l  o f  Mars can  be 
viewed by Earth-based radar  -- o n l v  a swath between ahout  
25  deg rees  N. and about  2 5  d e g r e e s  S. The Vik ing  o r b i t e r  
c o n t a i n s  no  r a d a r  system f o r  mapping t h e  p l a n e t a r y  s u r f a c e .  
Th i s  i s  a ve ry  l a r g e  number o f  c o n s t r a i n t s .  Our l a n d i n g  
s i tes  m u s t  be l o w ,  n o t  too  windy, n o t  too close t o  t h e  p o l e ,  
n o t  too hard  o r  s o f t  or rough. I t  i s  remarkable  t h a t  t h e r e  
a re  any p l a c e s  a t  a l l  on Mars which s a t i s f y  s imul t aneous ly  
a l l  of t h e s e  s a f e t y  c r i t e r i a .  What i s  even more remarkable  
i s  t h a t  some of t h e s e  c a n d i d a t e  l a n d i n g  s i t e s  a re  o f  i n t e n s e  
s c i e n t i f i c  i n t e r e s t .  
-more- 
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When a Viking o r b i t e r - l a n d e r  combination i s  i n s e r t 4 d  
i n t o  Mar t ian  o r b i t  it i s  f o r e v e r  a f t e r  committed t o  l a n d i n g  
a t  a c e r t a i n  l a t i t u d e  on Mars. For example, i f  t h e  l o w  
p o i n t  i n  t h e  o r b i t  i s  a t  2 1  d e g r e e s  Mart ian n o r t h  l a t i t u d e ,  
t h e  l a n d e r  must touch  down a t  2 1  d e g r e e s  n o r t h  l a t i t u d e ,  
a l though  -- by w a i t i n g  f o r  t h e  p l a n e t  t o  t u r n  benea th  i t  -- 
it  can l and  a t  any l o n g i t u d e  whatever .  Thus, t h e  Viking 
teams have selected cand ida te  l a t i t u d e s  on which t h e r e  are 
more than  one promising s i t e .  Viking 1 is now t a r g e t e d  f o r  
2 1  d e g r e e s  N. The prime s i te  i s  i n  a r e g i o n  c a l l e d  Chryse 
which i s  n e a r  t h e  conf luence  of  f o u r  s inuous  channe l s  t hough t  
t o  have been carved  i n  p rev ious  epochs of Mart ian h i s t o r y  by 
runn ing  w a t e r .  The s i t e  i n  Chryse (which i s  Greek f o r  t h e  
l a n d  of  g o l d )  seems t o  s a t i s f y  a l l  of t h e  s a f e t y  cri teria.  
But r a d a r  o b s e r v a t i o n s  have so f a r  been made on ly  nearby ,  
n o t  i n  t h e  Chryse l a n d i n g  site. The a p p r o p r i a t e  r a d a r  obser- 
v a t i o n s  can be made -- because of  t h e  qeometry of E a r t h  and 
Mars -- f o r  t h e  f i r s t  t i m e  on ly  a few weeks b e f o r e  t h e  nominal 
l a n d i n g  d a t e  of  J u l y  4 ,  1 9 7 6 .  There i s  going t o  be a g r e a t  
d e a l  of ve ry  a c t i v e  work i n  ana lvz ing  t h e  r a d a r  o b s e r v a t i o n s  
i n  June  and J u l y  1976 .  The backup s i te  f o r  Vikincr 1, whi l e  
s c i e n t i f i c a l l y  less i n t e r e s t i n s ,  seems t o  s a t i s f y  a l l  s a f e t y  
c r i te r ia .  
-more- 
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The p r e s e n t  c a n d i d a t e  l a t i t u d e  fo r  Viking 2 i s  4 4  de- 
g r e e s  N.  The prime s i t e  fo r  t h i s  second l a n d i n g  i s  i n  a l o c a l e  
c a l l e d  Cydonia, chosen because -- accord ing  t o  some t h e o r e t i -  
c a l  arguments -- t h e r e  i s  a s i g n i f i c a n t  chance of s m a l l  quan- 
t i t i e s  of l i q u i d  water h e r e  a t  least  a t  some t i m e  i n  t h e  
Mart ian year .  S ince  t h e  Viking b i o l o g y  exper iments  are 
s t r o n g l v  o r i en ted  towards organisms which a r e  comfor t ab le  
i n  l i q u i d  water, some s c i e n t i s t s  ho ld  t h a t  t h e  chance of  
Viking f i n d i n g  l i f e  on Mars i s  s u b s t a n t i a l l y  improved a t  4 4  
degrees  N. On t h e  o t h e r  hand it i s  argued t h a t ,  on as windy 
a p l a n e t  as Mars, microorganisms shoi7,ld be everywhere i f  t h e y  
a r e  anywhere. There seems t o  be m e r i t  t o  b o t h  p o s i t i o n s  and 
it i s  d i f f i c u l t  t o  d e c i d e  between them. However, what i s  
q u i t e  clear i s  t h a t  4 4  d e g r e e s  N.  i s  comple te ly  i n a c c e s s i b l e  
t o  r a d a r  s i t e  c e r t i f i c a t i o n ;  t h e r e f o r e  w e  must a c c e p t  a s i g -  
n i f i c a n t  r i s k  of  f a i l u r e  of Vik ing  2 i f  it i s  committed t o  
h igh  no r the rn  l a t i t u d e s .  It  i s  s o m e t i m e s  argued t h a t  if 
Viking 1 i s  down and working w e l l  w e  can a f f o r d  t o  t a k e  a 
r i s k  wi th  Viking 2 .  But I can imagine c i r cums tances  i n  which 
Vikinq 1 f a i l s  before i t s  b i o l o g y  expe r imen t s  are completed 
and Viking 2 c r a s h e s  becauses  it l a n d s  i n  a radar u n c e r t i f i e d  
site. T o  a t  l e a s t  improve t h e  Vik inq  o p t i o n s , a d d i t i o n a l  land-  
i n g  si tes i n  t h e  r a d a r  ce r t i f i ed  r e g i o n o v e r  4 d e g r e e s  s o u t h  
l a t i t u d e  have a l s o  been selected. A d e c i s i o n  on whether  
Viking 2 sets down a t  h igh  or  a t  l o w  l a t i t u d e  w i l l  be made 
v i r t u a l l y  a t  t h e  l a s t  minute.  
-more- 
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The n i n e t e e n t h  c e n t u r v  B r i t i s h  prime m i n i s t e r ,  Benjamin 
D i s r a e l i ,  w a s  asked t o  d e f i n e  t h e  d i f f e r e n c e  between a calam- 
i t y  and a c a t a s t r o p h e .  " I f  my opponent ,  M r .  Glads tone ,  f e l l  
i n t o  t h e  Thames, t h a t  would be a c a l a m i t y , "  he s a i d .  " I f  
someone p u l l e d  him o u t ,  t h a t  would be a c a t a s t r o p h e . "  I f  
Viking f a i l e d  t o  f i n d  l i f e  on Mars because it d i d  n o t  l a n d  
i n  a w e t t i s h  p l a c e ,  t h a t  would be a ca l ami ty .  But ,  I t h i n k ,  
i f  Viking f a i l e d  t o  r e t u r n  any d a t a  a t  a l l ,  t h a t  would be a 
c a t a s t r o p h e .  
I f  Viking l a n d s  s u c c e s s f u l l y  on Mars i t  w i l l  be due i n  
c o n s i d e r a b l e  p a r t  t o  t h e  g r e a t  s k i l l  devoted t o  i t s  d e s i g n ,  
f a b r i c a t i o n  and t e s t i n g  and t o  t h e  a b i l i t i e s  of  t h e  space-  
c r a f t  c o n t r o l l e r s .  But it w i l l ,  I t h i n k ,  f o r  so  dangerous 
and mys te r ious  a p l a n e t  as Mars, a l s o  be  due t o  a t  l eas t  an 
e lement  of  luck .  I know a l l  of t h e  s c i e n t i s t s  i nvo lved  w i t h  
Vik ing  w i l l  b r e a t h  a g r e a t  collective s i g h  of r e l i e f  when t h e  
l a n d e r s  s u c c e s s f u l l y  touch  down. We w i l l  t hen  be a b l e  t o  g e t  
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V I K I N G :  THE MISSION STRATEGY 
( F i f t h  o f  a s i x - p a r t  series) 
By C a r l  Sagan 
D i r e c t o r  
Laboratory f o r  P l a n e t a r y  S t u d i e s  
C o r n e l 1  U n i v e r s i t y ,  I t h a c a ,  N.Y.  
Th i s  i s  t h e  summer of t h e  Vik ina  launch  t o  Mars. I f  
a l l  goes w e l l ,  two l a n d e r s  and two o r b i t e r s  w i l l  be s e n t  
t h e r e  i n  an e v e n t  unique i n  human h i s t o r y  -- t h e  f i r s t  ex- 
tended and c loseup  reconnaissance  o f  t h e  s u r f a c e  o f  a n o t h e r  
p l a n e t  . 
The Viking s p a c e c r a f t  i nc ludes  o r b i t a l  exper iments  f o r  
imaging, i n f r a r e d  thermal  mappinq, i n f r a r e d  water vapor  de- 
t e c t i o n ,  and r a d i o  s c i e n c e ;  a tmospheric  e n t r y  exper iments  f o r  
a n a l y s i s  of  t h e  n e u t r a l  and i o n i z e d  components of t h e  Mart ian 
upper atmosphere;  and l a n d e r  exper iments  f o r  imaging o f  t h e  
s u r f a c e ,  atmosphere and o t h e r  a s t ronomica l  o b j e c t s ,  f o r  i n -  
o r g a n i c  chemis t ry ,  meteorology, seismometry,  magnet ic  proper -  
t i e s  of  sand g r a i n s ,  o r g a n i c  chemis t r i7  of s u r f a c e  samples and 
a n a l y s i s  of  t h e  lower atmosphere,  p l u s  t h r e e  compact b i o l o q i -  
c a l  exper iments  des igned  t o  s e a r c h  f o r  any Mart ian microorganisms. 
-more- 
V i k i n g  i s  an expens ive  mis s ion ,  c o s t i n g  almost a b i l l i o n  
d o l l a r s :  it h a s  occupied  hundreds of s c i e n t i s t s  and e n g i n e e r s  
f o r  many y e a r s ,  some of u s  fo r  more t h a n  a decade;  and i f  it 
w o r k s ,  it promises  t o  r e v o l u t i o n i z e  t h e  p l a n e t a r y  s c i e n c e s  i n  
g e n e r a l  and t h e  s t u d y  of Mars i n  p a r t i c u l a r .  
While t h e  o r b i t a l  t e l e v i s i o n  system w i l l  o b t a i n  photo- 
graphs  of Mars w i t h  a r e s o l u t i o n  of  two t o  t h r e e  t i m e s  b e t t e r  
t han  t h e  b e s t  imaqes from Mariner 9 ,  t h e  prime f u n c t i o n  of 
t h e  o r b i t e r  i s  l a n d e r  suppor t :  t o  ac t  as a r a d i o  l i n k  t o  
E a r t h  f o r  t h e  l a n d e r  and t o  h e l p  c e r t i f y  p r e s e l e c t e d  l a n d i n g  
s i tes .  The o r b i t e r s  do n o t  have, f o r  example, t h e  i n f r a r e d  
and u l t r a v i o l e t  s p e c t r o m e t e r s  t h a t  w e r e  so s u c c e s s f u l  on 
M a r i n e r  9 .  The pr imary o b j e c t i v e  of  t h e  mis s ion  i s  t o  s e a r c h  
f o r  l i f e  on Mars, and t h i s  i s  n o t  somethinq e a s i l y  performed 
remotely.  
The key e lements  i n  bo th  o r b i t e r  and l a n d e r  are t h e i r  
onboard computers. The l a n d e r  p o s s e s s e s  -- l i k e  a human 
be ing  wi th  h i s  corpus  ca l losum c u t  -- two i d e n t i c a l  b r a i n s .  
Each h a s  an 18,000-word memory, w i t h  2 4  b i t s  p e r  vrord, 
s t o r e d  on two coupled maqnet ic  wires. A memory o f  1 8 , 0 0 0  
words i s  q u i t e  l a r g e .  Basic E n g l i s h ,  which i s  a l l e g e d  t o  
be s e r v i c e a b l e  i n  man.7 l a y e r s  of  American s o c i e t y ,  cons is t s  






A s c i e n t i f i c  and enq inee r inq  p r o t o c o l  i s  a l r e a d y  i n  t h e  
Vikinq memory banks. Each l a n d e r ' s  comDuters w i l l  be checked 
by a data  dump t o  see how w e l l  t h e y  remember and unders tand  
t h e i r  program. I n  each  case, t h e  computer t h a t  h a s  f o r q o t t e n  
t h e  least  w i l l  be p u t  i n  charge.  A t h i r d  computer on E a r t h  
selects t h e  winner.  The loser w i l l  be  p u t  t o  s l e e p ,  b u t  w i l l  
w a i t  i n  r e a d i n e s s ;  i n  case of an a c c i d e n t  or s e n i l i t y  i n  t h e  
winner  it may be c a l l e d  upon la te r .  
While it i s  c e r t a i n l y  l a r g e ,  an 18,000-word vocabulary  
i s  i n a d e q u a t e  f o r  e v e r y t h i n g  the Viking l a n d e r  may be asked 
t o  do. (The sample a r m  motions a l o n e  r e q u i r e  s e v e r a l  hundred 
words.) Only 5 , 0 0 0  o f  i t s  words are f o r  f u n c t i o n s  t o  be  pe r -  
formed e x c l u s i v e l y  a f t e r  landing .  The remainder  a r e  f o r  
e x e c u t i v e  matters, i n v o l v i n g  t h e  s t r u c t u r e  o f  t h e  e n t i r e  
computer program; checkout  of e n g i n e e r i n g  f u n c t i o n s ;  and 
f u n c t i o n s  performed d u r i n q  d e s c e n t  t o  t h e  Mar t ian  s u r f a c e .  
For t h i s  r eason ,  t h e  miss ion  c o n t r o l l e r s  have d e v i s e d  
a "pr imary  d e s i g n " ,  accord ing  t o  which e v e r y  s i x  days  a set 
of new commands, compr is ing  hundreds t o  thousands  of words, 
w i l l  be  r a d i o e d  u p l i n k  from E a r t h  t o  Mars. 
-more- 
-4- 
B u t  t h i s  cor responds  t o  a v e r y  s l u g g i s h  response  t o  
what may be as tounding  d i s c o v e r i e s  made on t h e  p l a n e t ' s  
s u r f a c e ,  and an  " a d a p t i v e  des ign"  (update  every t h r e e  days)  
seems t o  be t h e  f i r s t  miss ion  d e s i g n  i n  which it w i l l  be 
p o s s i b l e  t o  perform a p p r o p r i a t e l y  r e spons ive  exper iments  on 
t h e  s u r f a c e .  
One  clear l e s s o n  from p a s t  s p a c e c r a f t  i s  t h a t  enormous 
s c i e n t i f i c  p a y o f f s  fo l low from t h e  a b i l i t y  t o  do new e x p e r i -  
ments on t h e  b a s i s  of  what w e  have i u s t  l ea rned .  Many of  t h e  
most famous d i s c o v e r i e s  made by Marin2r 9 -- t h e  g r e a t  vo l -  
canoes ,  t h e  s u r f a c e s  of  Phobos and D e i m o s ,  v a r i a b l e  f e a t u r e s ,  
g r e a t  sand-dune f i e l d s  and d e t a i l s  o f  t h e  l a r g e  s inuous  
channels  -- r e q u i r e d  t h e  space  p r o b e ' s  a d a p t i v e  mode. An 
e n t i r e l y  preproqrammed Viking mis s ion  would be r e l a t i v e l v  
f e e b l e  s c i e n t i f i c a l l y .  I t  cou ld  n o t  even select  w i t h  t h e  
l a n d e r  cameras t h e  p l a c e  where t h e  sample a r m  i s  t o  d i g .  
But  a Vikinq miss ion  i n  which w e  can per form an exper iment  
tomorrow on t h e  b a s i s  of  what w e  l e a r n e d  t h e  day b e f o r e  
y e s t e r d a v  -- t h a t  i s  a s c i e n t i f i c  c a p a b i l i t y  of  s t u n n i n g  
p o t e n t i a l i t i e s .  
Both Viking launches  took p l a c e  i n  August and September 
1 9 7 5  from Pad 4 1  a t  t h e  Kennedy Space C e n t e r ,  Cape Canave ra l ,  
F l a .  
-more- 
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Any launch  la ter  t h a n  about September 20  would have 
s e r i o u s l y  degraded t h e  mis s ion ,  and might have r e q u i r e d  a 
23-month "hold" u n t i l  t h e  n e x t  o p p o r t u n i t y  i n  1977. NASA 
has  a ve ry  good launch  record, b u t  t h e r e  has  neve r  been as 
complex a s c i e n t i f i c  m i s s i o n  as Viking. The launch  v e h i c l e  
i s  t h e  T i t a n  3E, a T i t a n  b o o s t e r  w i t h  a Centaur  second s t a g e ,  
a c o n f i g u r a t i o n  t h a t  had been t r i e d  on ly  t w i c e  b e f o r e .  
I n  t h e  nominal mi s s ion ,  t h e  A o r b i t e r - l a n d e r  combinat ion 
i s  i n j e c t e d  i n t o  o r b i t  around Mars on June 1 9 ,  197G, g i v i n g  
it 15 days f o r  l a n d i n g  s i t e  c e r t i f i c a t i o n  b e f o r e  t h e  J u l y  4 
l and ing .  A f t e r  c e r t i f i c a t i o n ,  s e v e r a l  p r o p u l s i o n  maneuvers 
are r e q u i r e d  t o  make t h e  o r b i t  Mars-synchronous, w i t h  a 24 .6 -  
hour p e r i o d  and a l o w  p o i n t  i n  t h e  o r b i t  o f  abou t  1 , 5 0 0  k i l o -  
meters ( 9 0 0  m i l e s )  ove r  t h e  l and ing  s i te .  The o r b i t  i s  h i g h l y  
e l l i p t i c a l .  The Viking 2 mission a r r i v e s  i n  t h e  v i c i n i t y  of 
Mars on August 7 ,  4 5  days a f t e r  t h e  Viking 1 c o n f i g u r a t i o n .  
I t  h a s  about  30 days  t o  o r 5 i t  f o r  Viking 2 l a n d e r  s i t e  c e r t i f i -  
c a t i o n  and s c i e n t i f i c  i n v e s t i g a t i o n s  b e f o r e  i t s  l a n d e r  deboos t s .  
Lander 1 has  a nominal working l i f e t i m e  on Mars' s u r f a c e  
of  5 8  days;  Lander 2 ,  6 2  days ( a l though  t h e  s p a c e c r a f t  a r e  
l i k e l y  t o  work f o r  a f u l l  y e a r ) .  The r e s o u r c e s  a v a i l a b l e  t o  
t h e  Viking mis s ion  w i l l  a p p a r e n t l y  pe rmi t  a lmost  no s imul taneous  
o p e r a t i o n  of  major s c i e n t i f i c  exper iments  on t h e  t w o  l a n d e r s .  
-more- 
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This  i s  a g r e a t  p i t y ,  s i n c e  s y n o p t i c  o b s e r v a t i o n s  are 
t h e  kev t o  a v a r i e t y  of fundamental  problems. The d i f f i c u l t y  
i s  n o t  s p a c e c r a f t  c a p a b i l i t y ,  b u t  r a t h e r  money t o  pay f o r  
ground Pe r sonne l  and miss ion  c o n t r o l  computers.  Desp i t e  i t s  
high c o s t ,  Viking i s  s e v e r e l y  hampered by l a c k  o f  funds.  
The d e s c e n t  maneuver beg ins  when a mechanical  s p r i n g  
s e p a r a t e s  t h e  o r b i t e r  and. t h e  l a n d e r ,  g i v i n g  a r e l a t i v e  velo- 
c i t y  o f  a meter ( s l i g h t l y  more t h a n  a y a r d )  o r  two p e r  second. 
The two fo l low e s s e n t i a l l y  t h e  same o r b i t  f o r  two hour s ,  d u r i n g  
which t h e  l a n d e r  o r i e n t s  i t s e l f  f o r  e n t r y  and examines t h e  
t h i n  upper atmosphere of  t h e  Red P l a n e t .  I t  r a d i o s  i t s  f i n d -  
i n g s  t o  t h e  nearby o r b i t e r ,  which r e l a y s  them d i r e c t l y  t o  
Ear th  as wel l  as r e c o r d i n g  them on t a p e  r e c o r d e r s  f o r  f u t u r e  
playback. The e n t i r e  d e s c e n t  sequence i s  under  c o n t r o l  of 
t h e  a c t i v e  l a n d e r  computer: t h e  ground " c o n t r o l l e r s "  w i l l  be 
a b l e  on ly  t o  b i t e  t h e i r  f i n g e r n a i l s .  
A f t e r  an  i n i t i a l  r o c k e t  bu rn ,  t h e  l a n d e r  e n t e r s  t h e  
denser  atmosphere,  a b l a t i o n  s h i e l d  f i r s t .  A f t e r  t h i s  burns  
o f f ,  t h e  pa rachu te  i s  deployed and t h e n ,  under  c o n t r o l  of  
t h e  acce le romete r s  w i t h  backup t iming  d e v i c e s ,  i s  j e t t i s o n e d .  
F i n a l l y ,  t h e  t e rmina l -descen t  r o c k e t s  bu rn ,  t o  be tu rned  o f f  
on ly  about  3 meters ( 1 0  f e e t )  above t h e  Flar t ian s u r f a c e .  
-more- 
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The e n t i r e  d e l i c a t e  l and ing  maneuver i s  a c t i v e l y  
c o n t r o l l e d  by t h e  l a n d e r ,  r e l y i n g  on i t s  d e s c e n t  r a d a r  and 
o t h e r  i n s t r u m e n t s  and ma in ta in ing  a c a r e f u l  a t t i t u d e  c o n t r o l .  
I t  i s  an i n t r i c a t e  servomechanism, making d e c i s i o n s  on t h e  
b a s i s  of  i t s  senso ry  in fo rma t ion ,  as  w e  do. The l a n d e r  f ree  
f a l l s  t h e  f i n a l  few f e e t  and -- many of  u s  s i n c e r e l y  hope -- 
s a f e l y  l a n d s  on i t s  t h r e e  spr ing- loaded  foo tpads  on t h e  s u r -  
f a c e  of  d i s t a n t  Mars. 
The Lander Program 
Immediately upon s e t t i n g  down, a t  about  4:30 i n  t h e  
a f t e r n o o n  Chryse s t a n d a r d  t i m e ,  t h e  s p a c e c r a f t  i n i t i a t e s  a 
range  of  e n g i n e e r i n g  and housekeeping f u n c t i o n s .  I t  a s k s  
i t s e l f  if it i s  f e e l i n g  w e l l .  The l a n d e r  w i l l  r e l ay  d a t a  
t o  E a r t h  v i a  t h e  o r b i t e r  (when t h a t  i s  above t h e  l a n d e r ' s  
h o r i z o n )  a t  1 6 , 0 0 0  b i t s  p e r  second: and a t  o t h e r  t i m e s  
d i r e c t l y  t o  E a r t h ,  b u t  a t  t h e  much s lower  r a t e  of 500  b i t s  
per second. During t h e  n e x t  t h r e e  days ,  it p r i n c i p a l l y  
t a k e s  se i smometr ic  and me teo ro log ica l  da ta ,  as w e l l  as t h e  
f i r s t  c l o s e u p  p i c t u r e s  c f  t h e  Mart ian t e r r a i n .  
The meteorology packaqe, on a s m a l l  boom, w i l l  examine 
o t h e r  a tmospher ic  p r o p e r t i e s  i n c l u d i n g  wind v e l o c i t y  and 
d i r e c t i o n .  Evening weather  r e p o r t s  on American t e l e v i s i o n  i n  
t h e  summer o f  1 9 7 6  may i n c l u d e  r e p o r t s  on me teo ro log ica l  con- 
d i t i o n s  a t  t h e  two l o c a l e s  on Mars. 
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W e  know t h a t ,  d e s p i t e  t h e  t h i n n e s s  of  t h e  Martian 
atmosphere,  winds are o c c a s i o n a l l y  s t r o n g  enouqh t o  r a i s e  
enormous c l c u d s  of  sand and d u s t  and it would be ve ry  
i n t e r e s t i n g  t o  c o r r e l a t e  wind speeds  as  measured by t h e  
meteorology exper iments  w i t h  t h e  amount o f  a tmospher ic  
d u s t  a s  measured from above by t h e  o r b i t e r , a n d  f r o m  below 
by t h e  t w o  Viking t e l e v i s i o n  cameras. The cameras w i l l  be  
a b l e  t o  see d u s t  c l o u d s  i n  t h e  v i c i n i t y  o f  t h e  s p a c e c r a f t  
and a t  t h e  ho r i zon ,  and w i l l  a l s o  de te rmine  t h e  m o b i l i t y  
of samples of d u s t  and sand dumped by t h e  sample a r m  on a 
s p e c i a l l y  prepared  g r i d  on t h e  h o r i z o n t a l  s u r f a c e  of  t h e  
s p a c e c r a f t .  
The l a n d e r  cameras w i l l  be a b l e  t o  see c7etail  abou t  as 
w e l l  a s  a human be ing  s t a n d i n g  on Mars. I n  some r e s p e c t s  it 
w i l l  be s u p e r i o r .  I t  w i l l  be a b l e  t o  image as f a r  as 1 . 2  
microns i n t o  t h e  i n f r a r e d  and it w i l l  be able t o  perform much 
b e t t e r  stereo imaging t h a n  human e y e s  can because  t h e  
two cameras w i l l  be p l aced  much f a r t h e r  a p a r t  t h a n  ou r  charac-  
t e r i s t i c  few inches .  
photographs o f  two l a n d i n g  s i tes  on llars, ho r i zon  t~ h o r i z o n ,  
perhaps even s t r e t c h e d  o u t  o v e r  a p e r i o d  o f  many months. 
There w i l l  be c o l o r  s t e r e o s c o p i c  panoramic 
- m o r e -  
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The Mariner  9 expe r i ence  i s  t h a t  q u i t e  new sets of 
f e a t u r e s  appear  on Mars a s  w e  are a b l e  t o  see smaller and 
smaller d e t a i l .  N o  one i s  a b l e  t o  p r e d i c t  what w e  w i l l  see 
w i t h i n  a few y a r d s  of t h e  Viking l a n d e r s .  For a l l  w e  know 
t h e r e  may be amazing d i s c o v e r i e s  as w e  t a k e  t h e  f i r s t  c l o s e u p  
images of Mars. 
On t h e  t h i r d  day a f t e r  l a n d i n g ,  t h e  f i r s t  set o f  u p l i n k  
commands a r r i v e s .  By t h e  s i x t h  day,  a d e c i s i o n  w i l l  have been 
made on where t o  o b t a i n  t h e  f i r s t  s o i l  sample w i t h  t h e  sample 
a r m .  On t h e  e i g h t h  day ,  a f t e r  t h e  onboard conpu te r  has  demon- 
s t ra ted t h a t  it t r u l y  unders tands  i t s  newly arrived i n s t r u c -  
t i o n s  on where t o  d i q  a h o l e ,  t h e  sample arm g i n g e r l y  e x t e n d s  
i t s e l f  towards t h e  s u r f a c e .  I t  can r e a c h  a s o i l  sample (or a 
more i n t e r e s t i n g  o b j e c t )  as much as 3 meters ( 1 0  f e e t ) a w a y .  With 
a nervous  j i t t e r y  backhoe motion i t  l i f t s  i t s  sample i n t o  t h e  
a i r  and g r a d u a l l y  r e t r a c t s ,  t e l e s c o p i n g  i t s e l f  u n t i l  it i s  
o n l y  a few i n c h e s  from t h e  l a n d e r ' s  main body. Photographs 
are taken  b e f o r e ,  d u r i n g  and a f t e r  t h e  sampling o p e r a t i o n .  
The arm t h e n  p o s i t i o n s  i t s e l f  over  one or more o f  t h e  t h r e e  
e n t r v  hays. One i s  f o r  t h e  X-ray f l u o r e s c e n c e  exper iment ,  
t o  examine t h e  i n o r g a n i c  chemis t ry  of  molecules  w i t h  atoms 
h e a v i e r  t han  about  mass number 2 0 ;  a n o t h e r  i s  f o r  t h e  g a s  
chromatoqraph-mass spec t romete r  (GCMS) t o  examine t h e  o r g a n i c  
c h e m i s t r y  of t h e  samples;  and t h e  l a s t  i s  f o r  t h e  t h r e e  d i f -  
f e r e n t  microbio loqy  experiments .  
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The arm opens i t s  l i t t l e  c l a w ,  shakes  i t s e l f  and d e p o s i t s  
t h e  s a m p l e  i n t o  a funne l  which i s  covered by a w i r e  mesh 
sc reen .  Experimenters  back on E a r t h  w i l l  have dec ided  whether 
t h e y  w a n t  t h e  s a m e  sample f o r  each  experiment .  
V 
The exwf imen t s  t h e n  do t h e i r  s t u f f ,  which may t a k e  some 
days.  The b io logv  expe r imen t s ,  f o r  example, r e q u i r e  an incu-  
b a t i o n  pe r iod  b e f o r e  t h e  r e s u l t s  c a n  be r ad ioed  downlink t o  
Ear th .  In  a l l ,  t h r e e  samples w i l l  be  examined by each  of t h e  
t h r e e  b io logv  exper iments ,  f o u r  by t h e  GCMS, an3 f i v e  
by X-ray f l u o r e s c e n c e ,  a l l  d u r i n g  t h e  nominal miss ion  of  each 
l a n d e r .  
W e  w i l l  be examining t h e  p r o p e r t i e s  of  t h e  Mar t ian  s u r f a c e  
n e a r  t h e  l a n d e r  f a i r l y  thoroughly .  The sample a r m  w i l l  be 
a b l e  t o  d i g  t r e n c h e s  and w i t h  V i k i n g ' s  eye-hand combina t ion ,  
w e  w i l l  perform s imple  exper iments  on s u r f a c e  p r o p e r t i e s .  The 
Viking 1 miss ion  i s  scheduled  t o  l a n d  n e a r  t h e  banks of  o l d  
s inuous  v a l l e y s  thought  t o  have once been mighty r ivers .  If  
w e  are very lucky  w e  might  g e t  some i n f o r m a t i o n  on t h e  ages  
and mechanisms of  t h e  channel  c u t t i n q  p r o c e s s .  The deepe r  
i n t e r i o r  of t h e  p l a n e t  w i l l  be i n v e s t i g a t e d  by an e l e g a n t  
seismometer which w i l l  l i s t e n  f o r  marsquakes i f  t h e r e  are 
any. Since from our  Mariner  9 e x p e r i e n c e  w e  know t h a t  Mars 
has  r e c e n t l y  been t e c t o n i c a l l y  a c t i v e ,  w e  e x p e c t  much h i g h e r  
l e v e l s  of seismic a c t i v i t y  t h a n  w e r e  d e t e c t e d  by seismometers 
on t h e  Moon. -more- 
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An X-ray f l u o r e s c e n c e  spec t romete r  shou ld  p r o v i d e  
i n s i g h t s  i n t o  t h e  mineralogy and geochemis t ry  of  t h e  Mar t ian  
s u r f a c e ,  and an i n d i c a t i o n  of what s o r t s  o f  q e o l o g i c a l  pro-  
cesses have been o p e r a t i n g .  For  example, it i s  p o s s i b l e  t h a t  
t h i s  experiment  might  be a b l e ,  f r o m  an examinat ion  of s a l t  
c o n t e n t ,  t o  check whether  l i q u i d  water once flowed on Mars. 
I f  t h e r e  i s  l i f e  on Mars w e  may see c h a r a c t e r i s t i c  
chemical  s i g n a t u r e s  of i t s  p resence  from t h e  GCMS experiment .  
A l t e r n a t i v e l y  t h e r e  may be o r g a n i c  compounds t h e r e  from car- 
bonaceous c h o n d r i t e s ,  o r q a n i c - r i c h  m e t e o r i t e s  o r i g i n a t i n g  i n  
t h e  a s t e r o i d  b e l t  and f a l l i n g  now and t h e n  on Mars. F i n a l l y  
t h e r e  may be non-b io log ica l  s y n t h e s i s  of o r g a n i c  m a t t e r  by 
u l t r a v i o l e t  l i g h t  i n  t h e  p r e s e n t  oxygen-poor Mart ian atmos- 
phe re .  I t  i s  hoped t h a t  t h e  GCMS experiment  w i l l  be a b l e  t o  
d i s t i n g u i s h  amonq t h e s e  p o s s i b i l i t i e s .  I t  w i l l  a l s o  s e a r c h  
f o r  t i m e  v a r i a t i o n s  i n  t h e  chemis t ry  of  t h e  Mart ian atmosphere.  
The microbiology exper iments  range from one which makes ve ry  
s p e c i f i c  assumptions abou t  Mart ian m i c r o b i a l  metabolism b u t  
which has  ve ry  h igh  s e n s i t i v i t y  t o  one which makes on ly  v e r y  
g e n e r a l  assumptions b u t  which has  a much lower d e t e c t i v i t v .  
-more- 
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The GCMS and b io logy  exper iments  are by f a r  t h e  m o s t  
expens ive  s c i e n t i f i c  i n s t r u m e n t s  e v e r  flown i n  t h e  unmanned 
p l a n e t a r y  program. But t h e  q u e s t i o n s  be ing  asked a r e  ve ry  
fundamental. W e  do n o t  know beforehand t h e  n a t u r e  o f  Martian 
l i f e ,  i f  any, and t h e r e  has  been no p r e v i o u s  e x p e r i e n c e  i n  
des ign ing ,  t e s t i n g  and f l y i n g  space  v e h i c l e  exper iments  
o r i e n t e d  towards o r g a n i c  chemis t ry  and microbiology.  We 
get  what we  pay f o r ,  by and l a r g e .  With t h e s e  i n s t r u m e n t s  
developed,  t h e  incr.ementa1 cost o f  f u t u r e  i n v e s t i g a t i o n s  of 
t h e  o rgan ic  chemis t ry  and b i o l o g y  on Mars w i l l  be  much less. 
The Viking l a n d e r  cameras may a l s o  be used f o r  b i o l o g i c a l  
i n v e s t i g a t i o n s  i f  t h e r e  are organisms l a r g e  enough t o  see. 
N o  one knows i f  t h i s  i s  t h e  case. I f  it i s ,  Mar t ian  orsanisms 
may be d e t e c t a b l e  independent  o f  any assumptions we make on 
t h e i r  b iochemis t ry .  The range of Viking i n v e s t i g a t i o n s  
d i r e c t e d  towards t h e  s e a r c h  f o r  l i f e  on Mars i s  of  course 
n o t  p e r f e c t .  But  it seems t o  be an e x c e l l e n t  mix fo r  t h e  
f i r s t  p re l imina ry  b i o l o g i c a l  r econna i s sance  o f  a n o t h e r  p l a n e t .  
If a l l  works w e l l ,  Viking i s  almost s u r e  t o  f i n d  a g r e a t  d e a l  
t h a t  i s  of m e t e o r o l o g i c a l  and g e o l o s i c a l  i n t e r e s t .  And, if 
w e  are lucky ,  w e  may h i t  t h e  cosmic j a c k p o t  and f i n d  something 
of b i o l o g i c a l  i n t e r e s t .  
-more- 
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A f t e r  t h e  Viking 2 l a n d s ,  h igh -da ta - r a t e  t r a n s m i s s i o n  
from t h e  Viking 1 l a n d e r  i s  tu rned  o f f  f o r  t h e  economy r e a s o n s  
mentioned above. Only low-data-rate exper iments  on t h e  d i r e c t  
l i n k  t o  E a r t h  can be performed, c h i e f l y  seismometry,  meteorology 
and s i n g l e - l i n e  v ideo  scans .  The Viking 1 o r b i t e r ,  f r e e d  of i t s  
r e l a y  r e s p o n s i b i l i t y  f o r  i t s  l a n d e r ,  now e x u b e r a n t l y  e x p l o r e s  
Mars from o r b i t .  Many q u e s t i o n s  posed by Mariner 9 nay be 
answered  a t  t h i s  s t a g e .  
T h i s  i s  a l s o  t h e  f i r s t  t i m e  i n  t h e  mis s ion  when r a d i o  
o c c u l t a t i o n  exper iments  w i l l  be pe r fo rned ,  as t h e  atmosphere 
and t h e  p l a n e t  i n t e r c e p t  the t r a n s m i s s i o n  from o r b i t e r  t o  
Ea r th .  Even tua l ly ,  t h e  Orbi te r  1 may be cal led back t o  service 
t h e  Lander 2 (a  f u n c t i o n  poss ib le  o n l y  i f  t h e  l o n g i t u d e s  o f  t h e  
nominal 1 and 2 l and inq  s i tes  are ve ry  n e a r l y  t h e  same). 
If t h i s  o c c u r s ,  t h e  i n c l i n a t i o n  o f  2 ' s  o r b i t a l  p l a n e  t o  t h e  
e q u a t o r i a l  p l ane  of  Mars can  be i n c r e a s e d  t o  75 d e g r e e s ,  con- 
v e r t i n g  t h e  Viking 2 o r b i t e r  i n t o  a Mar t ian  p o l a r  obse rva to ry .  
Many o t h e r  comparably e l e g a n t  combined miss ion  s t r a t e g i e s  are 
p o s s i b l e .  
Mars w i l l  be i n  s o l a r  con junc t ion  on Nov. 2 5 ,  1 9 7 6 ,  when 
t h e  Sun w i l l  be between the p l a n e t  and t h e  Ear th .  Communica- 
t i o n  w i t h  t h e  Vikinq s p a c e c r a f t  w i l l  be i n t e r r u p t e d  from 
November 8 u n t i l  about  Christmas Day. 
-more- 
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The g e n e r o s i t y  o f  n a t u r e  is  e v i d e n t  he re :  Viking s c i e n -  
t i s ts  w i l l  f i n a l l y  be a b l e  t o  t a k e  t i m e  o u t  from d a t a  ga the r -  
i n g  t o  ponder what t h e  d a t a  mean. Many space  mis s ions  never  
p r o v i d e  such an o p p o r t u n i t y  u n t i l  t h e y  are over .  
I f  a l l  i s  s t i l l  working w e l l ,  t h e  Viking Extended Mission 
may begin e a r l y  i n  1977. While t5e nominal l i f e t i m e  of a Viking 
s p a c e c r a f t  i s  on ly  about  9 0  days ,  Mariner  9 ,  w i t h  a s i m i l a r  
l i f e  expectancy,  performed f o r  a f u l l  y e a r ,  f a i l i n g  o n l y  
because it r a n  o u t  of consumables. V i k i n g ’ s  power sou rce  i s  
independent  of s u n l i g h t ;  i t  runs  on t h e  decay of r a d i o a c t i v e  
plutonium. I f  it i s  as  w e l l  eng inee red  as Mariner 9 w a s ,  t h e  
r e a l l y  i n t e r e s t i n g  p a r t  o f  t h e  Viking mis s ion  may beg in  i n  
January ,  1977. I n  any case, if Viking  works even modera te ly  
w e l l ,  p l a n e t a r y  astronomy w i l l  neve r  be t h e  same again .  
I f  a f t e r  a lonq  series o f  post-Viking i n v e s t i g a t i o n s  of 
Mars w e  f i n d  no s i g n  o f  l i f e  on t h e  p l a n e t ,  w e  w i l l  t h e n  have 
discovered something o f  c o n s i d e r a b l e  importance abou t  t h e  
u n l i k e l i h o o d  of l i f e  o r i g i n a t i n g  and s u r v i v i n g  on a n o t h e r  
p l a n e t  n o t  very  d i s s i m i l a r  t o  o u r  own, a f i n d i n q  which w i l l  
underscore  t h e  p r e c i o u s n e s s  and r a r i t y  o f  what h a s  happened 
h e r e  on ou r  s m a l l  Ea r th .  And if w e  are lucky  enouqh t o  f i n d  
l i f e  on Mars, t h a t  e v e n t  w i l l  c l e a r l y  open a new epoch i n  t h e  
h i s t o r y  of b io logy ,  o u r  v i e w  of o u r s e l v e s  and o u r  p l a c e  i n  
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The first paragraph i n  the f i f t h  a r t i c l e  i n  the series, 
The Mission Strategy should read: 
I 
t i t l e d  Viking: 
T h i s  i s  the summer of t h e  Viking landings on Mars. If 
a l l  goes well, t w o  landers and t w o  orb i ters  w i l l  arr ive  at: 
the planet  during mid-1976 i n  an event unique i n  human 
his tory  -- the first extended and closeup reconnaissance of 
the surface of another planet . .  
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May 10, 1976 
THE FUTURE EXPLORATION O F  MARS 
( L a s t  of  a s i x - p a r t  series) 
' b  
By C a r l  Sagan 
Director 
Laboratory f o r  P l a n e t a r y  S t u d i e s  
Corne l1  U n i v e r s i t y ,  I t h a c a ,  N . Y .  
There are some peop le  who w i l l  be t  on a n y t h i n g ,  
gamblers by temperament, oddsmakers i n v e t e r a t e .  Even some 
s c i e n t i s t s  have t h i s  gaming i n s t i n c t  and have been hea rd  
q u o t i n g  odds on t h e  chances of l i f e  on Mars and t h e  p r o s p e c t  
t h a t  t h i s  summer Viking w i l l  f i n d  it. The odds I have hea rd  
quoted  range  from even t o  a m i l l i o n  t o  one a g a i n s t .  When I 
h e a r  such h i g h  odds, I always l a y  my d o l l a r  down. I t  i s  
n o t  t h a t  I a m  convinced t h e r e  i s  l i f e  on Mars. I n  f a c t ,  I 
t h i n k ,  s h o r t  of mis s ions  such as  Vik ing ,  t h e r e  i s  no way t o  
f i n d  o u t .  But when such h igh  odds a r e  o f f e r e d  t h e  s i g n i f i -  
cance  of a s u c c e s s ,  it seems t o  m e ,  f a r  outweighs t h e  uncer- 
t a i n t y  of t h e  i s s u e :  I f  I w i n ,  I win b i g ;  i f  I l o s e ,  I l o s e  
o n l y  a l i t t l e .  
The same i s  t r u e  about  t h e  Viking mis s ion  i t s e l f .  The 
inves tmen t  r e p r e s e n t e d  by t h e  Viking mis s ion  i s  ve ry  l a r g e  
by s c i e n t i f i c  s t a n d a r d s  ( b u t  very s m a l l  by m i l i t a r y  s t a n d a r d s ) .  
I f  Vik ing  succeeds ,  it w i l l  have been a g r e a t  ba rga in .  The 
m i s s i o n  w i l l  be a s k i n g  one of  t h e  epochal  q u e s t i o n s  i n  human 
h i s t o r y :  Is t h e r e  l i f e  on o t h e r  p l a n e t s ?  Is b io logy  a cosmic 
commonplace? O r  i n  some s t r a n g e  and po ignan t  way i s  l i f e  a 
r a r i t y  i n  t h i s  v a s t  and awesome u n i v e r s e  i n  which w e  a r e  
imbedded? 
- more - 
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But there are many other aspects of Viking besides 
biology. By determining the interior structure and 
surface chemistry of the planet Viking holds the promise 
of illuminating our knowledge of the formation and evolu- 
tion of planets in general. By studying, both from lander 
and fr.om orbiter, the meteorology of the planet, Viking has 
a significant chance of improving our knowledge of weather 
in general. The environment of Mars is significantly different 
from the environment of the Earth. Any theory which pretends 
to predict, much less control, weather must be able to account 
for the weather on Mars--a place with enormous temperature 
contrasts, no oceans, pronounced topographical relief and 
sand and dust storms on a colossal scale. Furthermore, 
Viking represents the development for the first time of a 
planetary lander capability by the United States and the 
ability to perform--without returning a sample to Earth-- 
tests for organic chemistry and biology on distant worlds. 
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But even if the landing sites are safe and Viking 
works as hoped, it is difficult to gauge the probability of 
ultimate success. We do not know whether there is life on 
Mars. We do not know whether life on Mars, if it exists, 
is detectable by the Viking instruments. We also do not 
know whether life is present over the whole planet or only 
in a few favorable micro-environments. After all, we are 
only landing in two places on Mars. If we were landing in 
only two places on the Earth, how likely is it that we would 
be able to characterize thoroughly the geology or meteorology, 
much less the biology, of our planet? 
An amusing exercise is to imagine the tables reversed, 
and Viking being sent from Mars to the Earth instead of the 
other way around. Suppose that the (hypothetical) martians 
have selected four places on Earth which have the same geo- 
graphical coordinates as the t w o  prime and two back-up landing 
sites which we have chosen for the landings on Mars. Df 
course, the choice of coordinates is entirely arbitrary. The 
zero degree meridian on a globe of the Earth is chosen to pass 
through Greenwich, England only because it is in Greenwich that 
a royal observatory was established in a time when Britain was 
master of the oceans. The zero degree meridian on Mars has been 
chosen, equallv arbitrarily, !3:7 terrestrial astronomers to pass 
through a prominent dark marking which we call Meridian Bay. 
Had we chosen a different zero degree longitude, we would deduce 
sorne other equivalent landing places on Earth. 
-more- 
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But t h e  e x e r c i s e  i s  i n t e r e s t i n g .  I f  t h e  tables  w e r e  re- 3 
v e r s e d  t h e  prime l a n d i n g  s i t e  of t h e  f i r s t  Viking would be i n  t h e  
middle of t h e  A t l a n t i c  Ocean. S i n c e  Viking i s  n o t  equipped f o r  
o p e r a t i o n s  i n  water,  i t  would r a p i d l y  s i n k  -- h l u b ,  b lub ,  h l u b  -- 
and would be cons ide red  a mys te r ious  f a i l u r e .  The back-up 
l and ing  s i t e  f o r  Viking 1 would be i n  t h e  Gulf  o f  Tonkin -- 
f a m i l i a r  i n  r e c e n t  terrestrial  h is tory- -and  would r e p r e s e n t  
a n o t h e r  miss ion  f a i l u r e .  The prime l a n d i n g  s i t e  o f  Viking 2 
would be i n  t h e  North A t l a n t i c .  (Three o u t  o f  t h e  f o u r  l a n d i n g s  
i n  water cor responds  w e l l  t o  t h e  r a t i o  o f  ocean t o  l a n d  on t h e  
p l a n e t  E a r t h . )  But t h e  back-up s i t e  f o r  Vik ing  2 would be  n o t  
on ly  on l a n d ,  b u t  a t  a d a z z l i n g  p l a c e :  t h e  southwes t  e n t r a n c e  
t o  Yellowstone N a t i o n a l  Park.  I f  trees cou ld  be  avoided d u r i n g  
l and ing ,  t h e  s p a c e c r a f t  would r e a p  a r i c h  h a r v e s t  o f  s c i e n t i f i c  
r e s u l t s :  n o t  on ly  microorganisms b u t  b e a r s ,  r a n g e r s  and 
t o u r i s t s .  Such a mis s ion  would undoubtedly be cons ide red  a 
success  by t h e  Mar t ians .  
A 
- more - 
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I 
L 
This  i s  one of many r easons  why Viking i s  n o t  a 
d e f i n i t i v e  s e a r c h  f o r  l i f e  on Mars, b u t ,  r a t h e r ,  on ly  a 
s i g n i f i c a n t  f i r s t  s t e p .  This  i s  t r u e  on many o t h e r  l e v e l s .  
I have had s e v e r a l  n ightmares  about  t h e  Viking miss ion .  
I n  one of  them I dream w e  see f o o t p r i n t s  b e s i d e  t h e  l a n d e r  
eve ry  morning, b u t  w e  never  see anyone who makes t h e  f o o t -  
p r i n t s .  The s i t u a t i o n  cou ld  have been remedied had Viking 
i n c l u d e d  a s e a r c h  l i g h t  f o r  n igh t t ime  t e l e v i s i o n .  But 
d e s p i t e  i t s  cost ,  Vik ing  w a s  s e v e r e l y  c o n s t r a i n e d  f i s c a l l y  
and a s e a r c h l i g h t  s imply cost t o o  much. Another nightmare I 
have i s  t h a t  a l i t t l e  more than 3 meters ( 1 0  f e e t )  aMay from t h e  
l a n d e r  i s  something a s t o n i s h i n g  -- say  a r e g u l a r  p u r p l e  geomet r i c  
p a t t e r n  on t h e  ground -- something we would d e a r l y  love  t o  
scoop up and ana lyze .  
such  samples i s  o n l y  3 meters  lonc .  The p u r p l e  p a t c h  
would remain t a n t a l i z i n g l y  o u t  of r each .  Viking i s  n o t  a 
r o v e r .  I t  s t a y s  p u t  where it l a n d s .  
B u t  t h e  mechanical  arm which r e t r i e v e s  
These examples i l l u s t r a t e  one impor t an t  f u t u r e  direc- 
t i o n  f o r  s u c c e s s o r  mis s ions  t o  Viking.  A Mars r o v e r  i s  of 
e x t r a o r d i n a r y  i n t e r e s t  n o t  only because  it g r e a t l y  enhances 
t h e  s c i e n t i f i c  c a p a b i l i t y  of t h e  mis s ion ,  b u t  a l s o  because  
it could  command p u b l i c  a t t e n t i o n  on a day-to-day basis  -- 
a k i n d  of  c o o p e r a t i v e ,  i f  v i c a r i o u s ,  e x p l o r a t i o n  of Mars by 
t h e  American and world p u b l i c .  
- more - 
Each day w e  would scan  t h e  su r round inus ,  see what 
p l a c e  seems of g r e a t e s t  i n t e r e s t ,  and t h e n  s lowly  r o l l  on 
t r a c t o r  t r e a d s  t o  it. Is t h a t  a p e c u l i a r  rock  format ion  t o  
t h e  e a s t  or something else? Is t h a t  vo lcano  a c t i v e  or  a r e  
w e  s e e i n g  an a f t e rnoon  c loud  po i sed  n e a r  i t s  summit? Is 
t h a t  a d u s t  c loud  a t  t h e  ho r i zon  o r  smoke? What w i l l  t h e  
ground look  l i k e  when w e  move i n t o  q u i t e  a d i f f e r e n t  geolo-  
g i c a l  r eg ion  t w o  weeks from now? A Viking r o v e r  could  traverse 
many hundreds of m i l e s  d u r i n g  a r e a s o n a b l e  l i f e t i m e  and i s ,  
I t h i n k ,  a miss ion  which could. command worldwide a t t e n t i o n  and 
en thus iasm.  
I f  b io logy  i s  found on Mars by t h e  Viking of 1 9 7 6  t h e  
follow-on mis s ions  would, of c o u r s e ,  be d e d i c a t e d  t o  charac-  
t e r i z i n g  l i f e  on Mars. What does it look l i k e ?  What i s  i t s  
b iochemis t ry?  Is it based on t h e  same sorts of  molecules  a s  
l i f e  on E a r t h  (where a l l  o f  u s - - v i r u s e s ,  t a d p o l e s ;  t u r n i p s ,  
t rees  and human beings--work o f f  t w o  k i n d s  of  molecules  c a l l e d  
n u c l e i c  a c i d s  and p r o t e i n s . )  What are t h e  s i m i l a r i t i e s  and d i f -  
f e r e n c e s  i n  t h e  e v o l u t i o n  of  l i f e  on t h e  two p l a n e t s ?  Is t h e r e  
r e a l l y  a much b roade r  range  of  a d a p t a t i o n s  p o s s i b l e  than  w e  a r e  
f a m i l i a r  w i t h  on E a r t h ?  How does a m a r t i a n  work? 
- more - 
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E v e n t u a l l y ,  whether  or not  w e  f i n d  l i f e  on Mars, w e  
w i l l  want t o  r e t u r n  a sample of Mars t o  t h e  E a r t h  f o r  more 
d e t a i l e d  s t u d y .  There are some s c i e n t i f i c  i n s t r u m e n t s  so com- 
p l e x ,  massive and expens ive  t h a t  it i s  d i f f i c u l t  t o  env i sage  
them b e i n g  m i n i a t u r i z e d  and s e n t  t o  Mars a t  any t i m e  i n  t h e  f o r e -  
s e e a b l e  f u t u r e .  Returned sample m i s s i o n s  are expensive--probably 
s i g n i f i c a n t l y  more expens ive  than  a Vik ing  rover--but  pe rhaps  
n o t  r u i n o u s l y  so. However, a s e r i o u s  q u e s t i o n  abou t  Mars 
r e t u r n e d  samples i s  what i s  called back con tamina t ion .  W e  do 
n o t  know whether  t e r r e s t r i a l  microbes can s u r v i v e  and reproduce  
on M a r s ,  b u t  w e  c o n s i d e r  i t  n o t  i m p o s s i b l e .  I t  would be a 
g h a s t l y  error t o  send  t o  Mars a s p a c e c r a f t  contaminated w i t h  
terrestr ia l  bacteria,  which would t h e n  look f o r  l i f e  on M a r s  
and succeed  o n l y  i n  d e t e c t i n g  i t s  own contaminants .  There are 
a l s o  many s c i e n t i s t s  concerned t h a t ,  f o r  p o s s i b l e  f u t u r e  human 
u t i l i z a t i o n  of Mars, w e  should  n o t  i m p l a n t  terrestr ia l  organisms 
which might  p r o l i f e r a t e  i f  t h e  m a r t i a n  climate could  be induced  
t o  become more c lement .  For these r e a s o n s  Viking and comparable 
S o v i e t  s p a c e c r a f t  i n t e n d e d  f o r  Mars l a n d i n g s  have been r i g o r o u s l y  
s t e r i l i z e d .  
- more - 
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But now t h e  o p p o s i t e  p o s s i b i l i t y  e x i s t s  as w e l l .  
Could X a r t i a n  microorganisms,  i f  t h e y  e x i s t ,  when t r a n s -  
p l a n t e d  t o  E a r t h  cause  d i s e a s e  and p l ague  o r  e c o l o g i c a l  d i s r u p -  
t i o n s  he re?  N o  one  knows t h e  answer t o  t h i s  q u e s t i o n .  Some 
t h i n k  t h a t ,  because  of t h e  e v o l u t i o n a r y  d i f f e r e n c e s  expec ted  
between terrestrial  and 'mar t ian  organisms,  t h e r e  would be  no 
chance f o r  M a r t i a n  pathogens t o  g a i n  a f o o t h o l d  h e r e .  But 
o t h e r s  t h i n k  t h a t ,  p r e c i s e l y  hecauss  of t h e  l a c k  of p a s t  evolu-  
t i o n a r y  c o n t a c t s  between organisms from t h e  two p l a n e t s ,  ter- 
r e s t r i a l  h o s t s  w i l l  have inadequa te  b i o l o g i c a l  d e f e n s e s  a g a i n s t  
Martian pathogens.  T h i s  i s  aga in  an i s s u e  where o u r  u n c e r t a i n t y  
is  l a r g e  and t h e  p o s s i b l e  consequences immensely s e r i o u s .  
t 
4 
Some s c i e n t i s t s  hold  t h a t  no  u n s t e r i l i z e d  samples should  
be r e t u r n e d  t o  E a r t h  from Mars u n t i l  w e  know a g r e a t  d e a l  more 
about  Mars. Examining t h e  sample i n ,  f o r  example, an  o r b i t i n g  
space  s t a t i o n  around t h e  E a r t h  does  n o t  s o l v e  t h e  problem be- 
cause  t h e  s c i e n t i s t s  i n  t h e  space  s t a t i o n  w i l l  e v e n t u a l l y  w a n t  
t o  come back t o  E a r t h ,  and t h e  l a t e n c y  p e r i o d  of  d i s e a s e s  can 
be very long.  The problem would be r e s o l v e d  i f  a foo lp roof  
method could  be p e r f e c t e d  f o r  r e t u r n i n g  a c o n t a i n e d  Mar t ian  
sample t o  a r i g o r o u s l y  c o n t r o l l e d  terrestr ia l  microbio logy  
l a b o r a t o r y .  But t h e  r e l i a b i l i t y  of  such a r e t u r n  sys tem would 
have t o  be demonstrated t o  t h e  s a t i s f a c t i o n  of r e p r e s e n t a t i v e s  
of t h e  whole E a r t h :  back con tamina t ion  i s  n o t  an i s s u e  con- 




For myself  I would urge  a v igo rous  program of  unmanned 
e x p l o r a t i o n  o f  Mars w i t h  r o v i n g  v e h i c l e s ,  d e f e r r i n g  t h e  more 
expens ive  and p o s s i b l y  dangerous r e t u r n e d  sample and manned 
mis s ions  t o  a l a t e r  t i m e .  
.' ... 
But i f  w e  humans do n o t  d e s t r o y  o u r s e l v e s  through 
s t u p i d i t y ,  g reed  or p o l i t i c a l  m i s c a l c u l a t i o n ,  I a m  c o n f i d e n t  
t h a t  t h e r e  w i l l  be  such a l a t e r  t i m e  -- a p e r i o d  where remoter 
wor lds  i n  t h e  solar  sys tem a r e  be ing  e x p l o r e d  by i n t e l l i g e n t  
r o v i n g  v e h i c l e s ,  t h e  descendants  of t h e  f i r s t  V ik ings ;  a t i m e  
when a t  least  s e r i o u s  cons ide ra t io r?  i s  b e i n g  g iven  t o  t h e  
p o s s i b i l i t y  of e s t a b l i s h i n g  human o u t p o s t s  on o t h e r  wor lds ,  
t h e  c h i e f  of which i s  l i k e l y  t o  be Mars. People  of t h a t  t i m e  
w i l l  look back t o  t h i s ,  I t h i n k ,  i n  t h e  s a m e  way t h a t  w e  i n  
America look back t o  t h e  f i r s t  voyages o f  e x p l o r a t i o n  and 
d i s c o v e r y  i n  t h e  "New World." I n  f a c t  t h e  y e a r  of  Viking i s  
a u s p i c i o u s .  I t  i s  t h e  500th a n n i v e r s a r y  o f  t h e  f i r s t  glimpse 
of t h e  g r e a t  u n t r a v e r s e d  A t l a n t i c  Ocean by a young Genoese 
s a i lo r  named C h r i s t o p h e r  Columbus. I b e l i e v e  t h a t  t h e  u l t i -  
m a t e  h i s t o r i c a l  importance of Vik ing ,  i f  it succeeds ,  i s  
comparable t o  t h a t  of t h e  Nina, t h e  P i n t a ,  and t h e  San ta  
Maria .  

